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I 
|. Introduction 


The Sauraghtra Peninsula, which forms a part of the 
stato of Gujarat, lies between the Gulfs of Kutch and Canbay. 
on the north side it is bound by the Rann of Kutch and on 
the south and west by the Arabian sea. Its size and unique 
geographical position have [provided many situations where the 
relationship between marine, transitional and continental 
deposits as voll as associated land surfaces can bo worked out. 


: OW 
Saurashtra has been region where the environnent has shown 
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.2 
a wide degree of plasticity ín response to the changes 
that took place during the late Neogene or the Pleistocene 
anû Holocene periods. Both the degree of these changes 
and their duration was such that Early Han was able to 
adapt to them, 


In recent years a controversy has developed 
regarding the various epochs of the late Tertiary and 
Quaternary. It has heen suggested that the distinction 
between Tertiary and Quaternary is invalid and rather 
artificial, because no significant stratigraphic or 
faunal discontinuity occurs between the Pliocene and 
Ploistecene as they are defined today{ Flint, 1965 ; 
Hays and Berggren, 1971 ). 


In the Saurachtra Peninsula, the 31ocene is 
characterised by a marine microfauna designated 
stratigraphically as tho Gaj beds. In the northwestern 
parts of the Peninsula the Gaj beds are overlain by 
what haye been doscribed as the Dwarka beds ( Pedden, 
15904). In the course of the writer's field studies 
similar fossiliferous beds have also been observed in 
parts of southeastern Saurashtra, Tho Dwarka series wore 
assumed to belong to the Pliocene ( Pascoe, 1964 ), but 
this distinction is now considered invalid both 


etratigraphically and faunally ( Verma X.K, and Mathur 
U,9.—- p.c.) It would, therefore, be tempting to use the 


一 - ~- 一 一 一 一 
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torn " Heogene *, for the tine span covering the 
stratigraphic formations discussed 1a the present study, 
dees, the period extending fron the close of the Miocene 
to the present and comprising the post-Gaj formations: 
On the other hand the boundary between the Neogene and 
Quaternary continues to be a subject of dispute ( IWGP, 
Italy, 1975 ). Therefore, in order to anise confusion 

at this stage the writer has decided to retain, for the 
purpose of this study, the teras Quaternary, Pleistocene 


and Holcoene. 


" Late Quaternary studies on the Bhadar Valley 
= Sauraehtra," ( Lele, 1972 ), 1s to-date the only 
available palaecenvironnental and archaeological study 
for Saurashtra., On the other hand there are nunerous 
purely archaeological references to the Stone Age 
cultures of Saurashtra ( Pandya, 1958, 1959; Rao, 1959; 
Sankalia, 1965; Soundra Rajan, 1967, Lele, 8 etc.) 


Detailed studios in prebistory and the 
palaeoenvironnent were initiated by the clascic nonograph 
of De Terra and Faterson and lator carried out in 
Gujarat ( Zeuner, 1950 ), Karnataka ( Joshi, 1955 | 
Pappu, 1974 ), Maharashtra ) Rajguru, 1970 3; Pappu, 

1974), Saurashtra ) Lele, 1972), Northwest India (Allchin, 
Hegde and Goudie, 1972 4 Allohin and Goudie, 1974; Goudie, 
Allchin and Hegde, 1973 ) and coastal Haharashtra (Guzder, 
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1975 ). The investigations of De Terra and Paterson were 
based on the study of the glaciated terraces of northwest 
India while the other workers focused their attention on 
the Peninsular region, In the Deccan, Palaeoenvironmental 
and ehronological studies were mainly based on fluvial 
morphology ( Joshi, 1955; Rajaguru, 1970; Pappu, 1974). 

In Gujarat and Rajasthan apart from studying the fluvial 
morphology, considerable attention has been paid to fossil 
dunes, buried soils and coastal formations ( Hegde, 1976; 
Rajaguru and Marathe, 1976 ) and it has been suggested 

( Alichin et al., 1972, 1974 ) that the present arid and 
semiarid parto of weatern India experienced drastic climatic 
changes during the late Pleistocene with the driest 
elinatic phase occurring towards the close of the 
Pleistocene. Other workers are of the opinion that climatic 
changes during the Pleistocene wers of a degree only and 
not of a kind ( Lele, 1972, Rajaguru and Marathe, 1976). 
With the exception of Gujarat and Rajasthan, neither the 
semiarid uplands of Karnataka ( Joshi, 1955 ) and 
Haharashtra ( Rajaguru, 1970 3 Pappu, 1974 ) nor the 
subhunid coastal tracts of the Konkan ( Guader, 1975 ) 
have preserved geomorphic evidence for any significant 
climatic changes during the Quaternary. There is no marked 
difference in clinate between Saurashtra and the other 
semiarid regions of the subcontinent. In Saurashtra, 
however, the semiarid climate and the general configuration 
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of the landscape, have together produced a unique situation 
where the sedimentary facies have preserved tho record of 7 
the interplay +20 marine and fluvial 208 during 
the Quaternary. Furthermore, for the first tine, Lower 
Palaeolithic artifacts have been discovered in a stratified 
context thereby conclusively establishing 3 


a) the existence of Early Han in thie region at a 

very early date ( Rajguru and Harathe, 1976 و(‎ 
' gubstantiated by the discoveries of Lower 

Palaeolithic tools in the Hiran ( Marathe et. ale, 
1977), Sonarkhi ( Marathe = in press) and Kalubhar 
valleys ( S. Chakrabarty = pec, ) and Middle 
Palaeolithic tools in the Bhadar valley (Sankalia, 
19653 Lele, 1968 ) and in Rajkot and Bhavnagar 


districts ( 9. Chakrabarty = Decs ٠ 


b) that the theories of the submergence of the entire 
Peninsula during the Palaeolithic period, were no 


longer tenable. 


Tho recent archaeclogical discoveries have opened 
up several fields of investigation e.g. the nature of 
eustatic, tectonic and clinatic ahanges and their 
relationship with the prehistoric cultures of Saurashtra. 
As yet, nowhere in India is there a precise of complete 
record of the development of prehistoric cultures against 
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the background of environmental changes, though there exist 
independent evidences for the former ( Chirki + Maharashtra; 
Bhinbetka ~ Madhya Pradesh; or Adangadh > Madhya Pradesh) 


or the latter ( Rajasthan, North Gujarat or Northwest . 
India ) a 


Perhaps, the best way to achieve a conplete 

record of the correlation between cultural develépment and 
environmental changes is to concentrate on smaller areas. 

It is only after several regional sequences have been 
reconstrusted that, correlation can be attempted among the 
different regions of the Indian sudcontinent and other 

parts of the world. It is for this reason that the writer 
selected the Hiran valley ( Fig. 1 ) in southern Saurashtra. 


She Hiran river rises in the central Girnar bills 
( Fig. 2 و(‎ flows a diotance of 58 ka and joins the Arabian 
cea at Prabhas Patan. In the source region the river flows 
on the Deccan Traps and once it enters tho plain it flows 
on the miliolite formation, The variation observed in the 
geomorphology and vegetation ia this river valley are 
largely due to the changes in altitude and precipitation. 
In the source region the vegetation comprises dry deciduous 
forest and the soils are of red pedalfer type while in the 


drier parte of the valley further downstrean the vegetation A^ 


predominantly thornescrub and the soils are black, podooal 
type. | 3 1 
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FIG. 2. HIRAN VALLEY. 
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The Hiran valley was selected as a type area for 
detailed studies, although similar environments occur in 
the other parts of southern Saurashtra, eg. the valleys 
of the Shingoda, Saraswati, Machhu and Heghal rivers and 
also along the coast ( from Bhavnagar to Ohorwar ) as well 
as further inland ( Rajkot and Girnar (١ Field work was | 
carried out for a nunbor of seasons ( 1972 = 76). Initially, | 
the writer surveyed central, eastern and southern Saurashtra. 
Subsequently, work was concentrated in the Hiran valley 
where detailed studies were carried out on the stratigraphic 
sequence in the area ( paying particular attention to 
alliolite formation ), fluvial morphology ( Characters of 
drainage basins and morphometric analysis ) and coastal 
norphology ( morphometric analysis of the Peninsula}, A 
large number of sanples were collected from fluvial 
sediments, inland and coastal miliolites and modera as well 
as foseil dunes aad beaches. ‘Herever possible, well-sections 
were examined aad the excavation sites for dans and bridges 
visited, in order to observe subsurface strata and to collect 


85532168 for laboratory analysis. 


Laboratory studies comprise grain eige analysis 
of fluvial silto, beach and dune sands and miliolite; total 
chenical analysis of silts and niliolites ; Differential 
Thermal Analysis ( DFA ) of seleoted silt and miliolite 
Samples, petrological examination of thin sections of 


Miliolite and silt samples and lastly, observations on 
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selected samples of miliolite under a Scanning Eleotron 
Hioroscope ( SEM ). 


Archaeological evidenoe was obtained both for tho 
Lower and Hiddle Palaeolithio periods, Middle Palaeolithic 
artifaots 6 mainly surface collections, Tho majority 
of the Lower Palacolithic artifacts are also surface finds 
with the exception of a few stratified tools found at 
Unretht ( lat. 2001015 $ long. 7093018 ) and at the base of 
Adi Chadi Yao, Junagadh ( lat. 219333523 long. 70°31'E ٠ 
The total collection is 52211, but the discoveries at 
Unrethi aad Adi Chadi ao are especially significant because 
these artifacts comprise the only available evidence for 
Lower Palaelithie tools in a stratified context. 


fhe Quaternary record is well preserved in the 
Saurashtra Peninsula and an atvenpt hes been made to 
establish the nature of tha changes in the palaeoenviroanent, 
to assess their effect on cultural development and to assiga 
a chronology to these events. The nost controversial of the 
Quaternary formations is the miliolite. In the past, the 
extant inland niliolite deposits were emphatically ascribed 
either to marine ( Srivastava, 1968 و‎ Bhatt and Patel,1976; 
Lele, 1975 aad 1975 ) or aeolian ( Biswas, 1971 ; Sperling 
and Goudie, 19753 Agrawal and Roy, 1976 ) activity. The 
present study is an attempt to differentiate the various 
types of niliolites both fron the point of view of their 
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origin and chronology and more particularly fron the point 
of view of understanding nan-land relationship during the 
Quaternary. 
: 3 
The pre-miliolitic topography is highly dissected 
and gome of the rivers, like Hiran, reveal a buried channel 
adjusted to a base level 15 m below the present bed level. 


The niliolito formations rest unconfornably on Deccan Traps, 


Gaj beds and fluvial deposits. It is suggested that the 


Occ nared 
niliolite formations which eeeured. in the region under study 


gan be divided into three types ; marine or fluvio-marine 

and aeolian. Purthermcre, it is possible to distinguish 

at least two phases of miliolite formation, The writer has 
hypothesised that both the ailiolite formations as they ere e 
geen in tho river valleys of Shingoda, Hiran and Saraswati 
are the product of iuo separate marine transgressive phases. 
The earlier of the two miliolite formations identified and 
distinguished E ao Del و‎ io thicker and more extensive 
than the later formation, Mell. Both the miliolite formations 
are found to be interlayered by fluvial, tidal and aeolian 
deposits. The coastal dunes around Una, Kodinar and Veraval 
have developed during the regressive phase of the sea in 

the terminal phase of the late Pleistocene, 


The occurrence of highly oxidised fluvial deposits 


overlying the MI suggest a considerable time gap between 
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the two miliolite formations, This is substakbiated by the 
evidence of rejuvenation of the postemiliclite (HI ) 
valleys. The interplay of fluvial, acolian and marine 
activities are well seen in sections exposed in the valleys 
, of Hiran, Shingoda, Saraswati and Sonarkhi. Both the N-I 
and H-II formations in these river valleys are underlain 


V 


by fluvial deposits which have yielded a few Lower and Nidale 
Palasolithic tools. 


The evidence of Lower Palaeolithic artifacts found 
in the fluvial gravels at the base of H-I both at Unrethi 
7 and Junagadh indicate that Early Han occupied the slopes of 
the Girnar hills prior to the beginning of the sajor 
' $ransgressive phase. It nust be pointed out that, even 
though sea level changes were a dominant factor in shaping 
the landscape, neotectonic activity also appears to have 
played aa iaporsant role. These various aspects are discussed 


in tao succeeding chnaptors. 


The remaining part of the thesis includes four 
chapters. The second chapter deals mainly with the modera 
environments and includes descriptions of physiography, 
geology, clinate and vegetation ete, Some of the data come 
= fron published sources, the sections dealing with 


&eonorpholocgy and the vegetational studies are based on 


3 the writer! 8 Original observations. The chapter three 
(0 Anoludes fiela observations and laboratory pasatan The fourt: 
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‘chapter has been divided into two parts. The part (A) $ 
Archaeology, includes previous work in the region, the 
writer's discoveries, terminology and detailed typology 

of the artifacts, The part (3) 1 Palaeoenvironnent, indludes 
origin of the miliolite, Quaternary chronology Chronology 
of the Palaeolithic Cultures in Hiran valley , 

Palaeoolimnate and HMan-band relationship. In tho fifth 
chapter the writer has discussed both the archaeological 
and eavironmental data in the light of present knowledge 

of these factors in other parts of India’ and elsewhere. 
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" Bnvironment, as used by Archaeology, means a 
nunber of factors laterrolated, a combination of clinate, 
soil, fauna and flora, topography aad it is the study of 
these factors as detcrmining or influencing the activities 
of prehistoric man shat concerns us " ( Srothvell and 


Higgs, 1963 3; 93 ). 


A knowledge of the present natural eavironnent 


ie necessary in order to reconstruct past environnente. 
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This chapter comprises a general outline of E physical 
processes in relation to the present environment. The 
general aspect of the environment of Saurashtra has been 
given for proper understanding of the local environment 


of the Hiran valley. 


PHYSIOGRAPHY 

The present surface configuration of Sauraghtra 
( Tig. 3 و(‎ tho types of landforns in the area, the 
charaosers of its drainage and the pattern of relief have 
evolved from the geological base, ia response to tectonic 
movenents and the erogional history of the region 
Dikehit, 1970 ). Depending on the height above the sea-level, 
the slope and the ruggedness of relief, the entire Peninsula 
can be divided into the following physiographic units t 


1) the coastal low-lands, 
2) the plateau of Saurashtra, and 


3) the hilly region. 


1l. The coastal 108-126 

Coastlines have been variously classified 
dependin; upon causal factors involved in their fornation. 
fhe coastline of Saurashtra could be classified as 


belonging to the Pacific type because broadly it runs 


: _ bubparaliel to the outer margin of the continental shelf. 


More recently, Inman and Nordstrom ( 1971 ) have proposed 
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a new classification based on plate tectonics. Under this 
classification the Saurashtra coastline would be considered 


a 
as trailing-edge coast of the Anero-trailing-edge type. 


3 

fhe Gulf of Cambay coast is very irregular in 
{te outline and projects deeply inland. The Gulf is enclosed 
on all sides by marshy coast and dotted with bars aad 
islands ( locally known as " bets "). These features are 
also common on the east coast of Saurashtra while the west 
coast 4s snooth with few indentations. All along the coast 
narohy depressions have developed as a result of drainage 
blockage by coastal dunes and baro. The most extensive 
marshy Lowelaad is between Porbandar and Navibandar ( nore 
than 200 sq. km. )e On the northern coast tidal flats are 


quite common, but thoro are hardly any dunes. 


2. The Plateau of Saurashtre 

Tnig includes the area lying between the 75-500 n 
contours. The plateau rises gently from all she sides 
towards the centeo ( Dig. 4 ). Though termed as the 
Saurashtra plateau, this area is nov without considerable 
relief, The Maada hills on the north and the Gir ranges to 
the south are joined by a narrow gone of higher altitude 
( e.g. the isolated and rounded. hills like Girnar and Barda) 
representing the relicts of a much higher plateau subjected 


to erosion by the numerous rivers which flow from it in 
all directions. 


اك 


; 66-0:n-Public Domain. UP State Museum, Hazratganj. Lucknow — 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


Deman UP State Museum, Hazratganj. Lucknow 


یرب 


Lg 


[ 
| 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


| 


Gi MAD AE SRE SEs. 


--CC-0. In Public Domain. UP State Museum, Hazratganj. Lucknow 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


9ھ 


5, The Hilly Region 

This io defined as that part of Saurashtra which 
lies above the 200 m contour, and the highest point is 
represented by the Gorakhnath peak ( 1,117 n ) of the ' 
Girnar hills, near Junagadh. This forested region forns a 
wallelike strip providing a watershed between the Shadar 
on the wost and the Shatrunji on the east. This divide is 
fast giving way to the headward erosion of these two 
rivers, The northera part of the highland occure east of 
Rajkot with the highest point near Chotila ( 340 m ASL 
and 40 ka ENS of Rajkot و(‎ which is an extension of the 
Handa hills, The Gir ranges exceed 200 m and are higher 
than the northern highland which forns the source region 
of Bhadar. The Gir ranges are presented by the assenblage 
of several hills e.g. Kanara ( 326 m ) in the extreme 
west, Sasa ( 430 m ) and Tandivela ( 529 n ) ia the 
southeast while the highest of then is Sarkala (643 n ). 
fhe other hilla which appear prominently in the landscape 
are the Barda hills ( 637 n ), 30 ka inland fron 
Porbandar and the Alech hills ( 298 n ) further east 


ef Barda. 


DRAIJAGS PATER 
The drainage system of Saurashtra is characterised 
by a centrifugal pattern with the rivers flowing out in all 
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directione from the central highland ( Fig. 3 ) Hany of 
the rivors aro ophemeral otreans. In the northern division, 
the Aji ( passing by Rajkot ), the Hachhu ( passing by 
Wankaner, Marvi and Halia ) and the Bambhan flos into the 
Ran of Kutch On the west, the Bhadar runs a course of 
195 Km and meets the Arabian Sea at Havibandar, In the 
gouth the Hiran, the Shingoda and the Machhundri which 
originate in the central Gir ranges, debouch into the 
Arabian Sea, In the eastern division 5950 8 ( one 
passing by Muli and Wadhwan, the other by Lindi), the 
Zalubhar and the Shatrunji all flow into the Gulf of 
Caubay. 


The rivers of Saurashtra, at first flow swiftly 
along rocky channels between the steep banks of the central 
hilly region. As the slope decreases, they gradually begin 
to wind elugghishly through the low lando and coastal 
plain board untilY they enter the sea at the points nearly 
opposite the slopes where they hava their sourcee{ The two 
largest rivers of tho province, the Shadar and the 
Shatrunji rising opposite each other on the west and east 
Sides of the plateau, flow through the plains, the Bhadar 
westward to the Arabian Sea and the Shatrunji eastward to 
the Gulf of Canbay. 
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GEOLOGY 

The geology of thie region was originally 
studied in detail by Fedden ( 1884 ). In recent years 
various organisations ( e.g. Geological Survey of India, 
Western Circle, Jaipur; Directorate of Geology and 
Wining, Gujarat State; Gujarat Engineering Research 
Institute, Baroda; Department of Geology, H.S. University 
of Baroda and Physical Research Laboratory, Ahmedabad ) 
have carried out detailed studies oa various aspects 


of the geology of Saurashtra. 


Tho following geological description of the 
Peninsula is purely based on published accounts while the 
more specific references to the Hiran valley are based on 


the writer's field observations. 


The rocks of the Archean age represented by the 
Aravli system consiste of nica schists, phyllites, 
limestones, dolonites, quirtzitos, banded gneiss otc., 
which occur mainly ia parts of Gujarat e.g. at Panchmahal 
and at Banaskantha region ( Fig. 5 ). The Purana 2 
comprises of granites, quartzites, sonists eic. They occur - 
in Sabartantha, Banaskantha, Mehasana and Yanchmahal. The 
Jurassiíio formations include sandstones, shales and limestones, 
the outcrops occurring ia northeast Saurashtra. The 
Cretaceous rocks are Hinmatnagar sandstone and Lansta 


series occurriag near Himatnagar, Tisar sandstone near 
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Pavagadh, Vadhwan Sandstone near Vadhwan and Dhragandhra.‏ 


In the southern Saurashtra the formations are 
mainly of post = 5 Cretaceous-Eocene " period 3 therefore, 
these have been described here in detail. The different 
geological fornations occurring in the area under 


consideration are 5 


Probable Age Hain Pornation 

la 22968800 -ق0‎ 6 Deccan Trans. 

2, Early to mid Tertiary Laterite rocks. 

3. Upper Miocene Gaj beds. 

4, Higher Tertiary or Dwarka beds. 
PosntePliocene 

5. Pleistocene and Alluviun, cand dunes, 
Subrecent. tidal flats, raised 


beaches, oyster beds, 
miliolite Zorsation 
and Chhaya formation. 


l. TRAPS 

The Deccan Trap is the most extensive geological 
formation covering more than two thirds of the total area 
of Saurashtre. The dykes and lava flows have the sane 
General characteristics as those of Deccan Plateau 58 
and were the earlicst to be formed, followed by major and 
minor phases of igneous intrusions ( Desai, 1970 = Tl ). The 


trap formation in Saurashtra stretches from the east coast 
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at a point below Gogha to the western shores where it 
extends inte the Gulf of Kutch, It is found within a few 
iilonoters of the southern coast where it is overlapped 
by Tortiary and Quaternary deposits 3; north of Bhavnagar 
it is covered by alluvium — 


Various kinds of felsite and diorito, with sone 
trachyte and occasionally pitchstone are present. Mount 
Girnar, a famous eruption is a majestic pile of diorite 
rock. Tho central masa aosunes the form of a huge cupola, 
representing the core or plug of the vent ( Desai, 1970~71). 
The diorito of the central peak passes into mica diorite. 
The rock occupying the valley between the central peak 
of Girnar and the surrounding ranges is a diorite 
consisting of a granular mixture of felspar and hornblende. 
fhe gurrcundiag ranges are composed aostly of greenstones, 
sono are feloitic and others basaltic with nuch olivine. 
?he axis of the western range consists of a quarta feloite, 
containing plagioclase, quarta and magnetite in a nicro- 
eryotalline ee It has the fora of huge dyke or vertical 
intrusion ( Desai, 1964 ). About 2l km WIF of Junagadh 
lio the henan hills; the eastern base of these hills 
consist of anygdaloidal basalt. Above 1% occurs a 0.5 m 
thick bed of thinly laninated but granular pitehstono. The 
Suusit is composed of a thick nass of banded and contorted 
trachyefelsite ( Desai, 1962 ) with layers of obsidian, 


CC-0. In Public Domain. UP State Museum, Hazratganj. Lucknow 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


il 

b 

1 

4 

i 

$ 
E 5 
: 


ate Museum, Hazratganj. Lucknow 


x] 
E 
1 
5 
10 
0 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


+25 
cm 


each a fow/thick. The Barda group of hillg consist of 
porphyritio quartz-felsite. The group of hills north and 

Y of Dhang congiet of foloite. A laninated feloite, often 
porphyritic and in part agglomeratio with a band of 
obsidian, occurs near Sihor, while the sane rock with 7n 
stratum of pitehstone occurs near Rajula. The Chamardi 
group of hills near Bhavnagar are composed of rock sinilar 
to that of Barda and Girnar indicating another centre of 
eruption. Trap dykes are very numerous, The dykes, north 

of YVasawad, WG and RNS have a crystalline texture and those 


from 847 have a micro or eryptocryatalline texture. 


The inteztrappean formations consisting of a 
cherty porcolaneous shale are observed in patches at the 
base of the Chotila hill. This bed is more conspicuous 
near Bamanbore and Yavagaon ( 15 km west of Chotila ). A 
bed of argillaceous cherty 1128859526 having a naxinun 


thiczaogs of about 3 n occurs at the fort of Jinana 


In the Niran valley, the "iran river flows on the 
basalt for about ll im from its source. The cunujative 
thickness of this formation is not less than 600-700 n. 
Deccan Trap in the Hiran valley comprises several varieties 
of basalt : the common ones are 3; anygdaloidal, vesicular 


and compact. The colour of the rook varies from black to 
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grey and brown to reddish brown. Dolerite dykes are common 
in the Sagan Gir and Kamieohwor area ( Pig. 6 د(‎ 
2, LAPERITIO ROOKS 1 
۱ fno Lateritic rocks occurring in Saurashtra are 
richly coloured, mottled, uastratified, with frequent iron 
vands which develop into red haematite. They are exposed in 
the gouthern and southeastern part of the Peninsula, notably 
to the south of Bhavnagar, where they occupy a continuous 
narrow belt about 32 ka ia extent. At most places they are 
capped by the late Neogene deposits. In the western division 
of the Peainoula a large outcrop of lateritic rocks occur. 
Their approximate geological position is mid Tertiary. 


Lateritic rocks are observed in the Hiran valley 
along the margins of the Deccan Trap as at Devki hill and 
a little ( 0.5 kn.) upstream of falala. g 
3. CAJ BEDS 

The Gaj beds are highly fossiliferous clays and 
limestones. the postetrappean, Gaj formation, occupies a 
position at the sargin of the trappean area in the southern 
half of the Peninsula with the coastline ae ito outer 
boundary. The average width of this belt is about ll km, 
The approximate geological age is upper Miocene. The Gaj 


beds are found in the marginal belt, being exposed at 
intervals in the southeastern part of the Saurashtra Peninsula 
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while tho largest spread of Gaj rocks ocoupy the eaten 
between Halar and Okha-Handal. Within this latter region 
the beds are easily recognised by their fossils which are 
very numerous at certain places (e.g. Halar and Gadu ). 


In the Hiran valley the Gaj beds are observed 
overlying the Trap, not only in the river bed, but also at 
several other places for a distance of about 8-10 km fron 
the coast ( as at Govindpara and Mander ). They also occur 
below 9 m thick alluvial deposits. The numerous coral stalks 
(Strlonhora) aad the rotund variety of Venue cancellata, 
Cenhalopoda and Sepla Sp. are very common. Some of the 


other comnen foscilo occurring in the Gaj beds are - 


Pelecypoda Bryozoa 
Yenus 89 Zecharia halaensis 
Tenue gn. Discoflustrella Tandoenteckoi 


Pecteaculus pecten O.Sow. Gastropoda 


Pecten Jorneus 0. Sow. Oyproea humerosa var. Ü. Sow. 
Cardius triforne ¢. Sow. Natica ( indet ) 

Cardium Sp. Pyrula (?) Sp. 

Sardita ( indet ?) Pugug ( indet ) 


Area Kurracheensis, dQ "Archi. 


Dgtrea 989 
295298 Sd. 
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4, DJAREA BEDS ۱ 

| Thís group comprises rocks of various 
Lithological characters and though their total 030. 
Ze not considerable 1t nay be possible eventually to 
divide the beds into subegroups or to mark off some of 
the later deposits as Pleiotocone ( Fedden, 1684). They 
are nostiy fossiliferous and conposed alnost entirely 
of organic fragments ( comminuted shells, corals etc. 8 


at Ghorwar ), however, sone of the beds are unfossiliferous. 


Tho Dwarka beds have been exposed for an extent 
of about 6 km inland from the coast, in the Miran valley. 
They can be seen exposed in river beds ( as at Bhalpara 
and Kajali ) or in well-sections below the alluvial 
deposits ( as at Sonaria ). The naxinun thickness of the 
exposed section never exceeds more than l meter. The 
Duarka beds observed in the Hiranvalley aro fossiliferous. 
While some of the beds of this formation have boen 
assigned to Pleistecene by Peddon ( 1894), The approxinate 
geological age has been stated as upper Tertiary to 
posteP?liocene or even to Miocene ( Verma E.X. and Mathur 


U.B. = p.c. ). This controversy, however, persists. 


The differentiation between Dwarka beds and Gaj 
beds is rather artificial ( Verma X.E., and Mathur U.3.<p.c.)} 


ES he PU S c‏ کین 
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5, PDEISTOOESE AND  SUSRBCENT. 

The Pleistocene and Subrecent formations in 
tho Hiran valley, include a variety of deposits: narine, 
estuarine, fresh-water and sub-aerial, conprising 
níliolito formations, alluvial fills, oyster beds and 
aeolianites, The miliolites occur upto 37 km inland and 
vary in thickness from 1 to 50 m. The oyster beds occur 
as far inland as 5 km from the coast and at a height of 
about 8 m AMSL. The aeolianites are common in the coastal 


region. ( Pl. I ۰ 


These Quaternary formations form a major and 
important subject aud iB ہم‎ described in 
greater detail subsequently. Their bearing on the 
problems of geochronology a eugtasy, archaeology and 
the palacoenvirenment have been discussed in the fourth 
chapter, However, their occurrence, general characters 


and field relationship are given below. 


Miliolite Limestone 

Hiliolite limestone occurs at the southern, 
eastern aad western coast of Saurashtra ( Pig. 5 Y. 
from Porbandar to Veraval end even southeast of Veraval. 
Its outorops in the interior area occur conspicuously 
along the gorges and slopes of hills of the Girnar ranges 
( ae at Junagadh, in the Hiran and Shingoda valleys and 
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at Dungarpur ), between Chotila and Rajkot, on the flanks 
of the Chamardi hills of Sihor ( Dist, Bhavnagar ) and 
of the Cheham hills ( Dist, Rajkot (.' 


زع / 


In the Hiran valley the miliolite occurs right 
fron the coast to 37 kn inland and 150 n ASL ( at 
Bhatchel ). I$ reste unconfornably دہ‎ Deccan Trap ( at 
Bherala ), Gaj beds ( in the woll-cections at Horaj and 
Mander ), fluvial gravels ( at Umrethi ) and on tidal 
Clays ( at Govindpara ). The thickness of the niliolite 
varies considerably from about 1 a ( as at Borvav and 
Bhatchel ) to about 15 n ( at Unrethi dan site ) and the 
Naxinua exposed thickness is 20 = 50 m in the inland 
regions ( at Bherala ). The maxinum thickness of the 
miliolite is 54.57 n ia tho coastal regions ( at Veraval, 
based on the data of bore holes sunk by the 011 and 


Natural Gas Commisaion, Ahmedabad ). 


A ٦7 of miliolite rocks and related 
formations have been observed ia the area under 
consideration, Tho coastal linestoaes vary in conpopcition 
from calcaronites to oaloirudites. At Unrethi and Shingoda 
dausites thin lamination is very pronounced in the 
calcarenites which contain alternating layers of coarser 
and fine material. The other types occurring in some of 
the wellescotions are micrite ( at Sherala) and calcareous 
clay ( at Maljinjwa ٠ Senieconsolidated beach deposits 
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( as at Chorwar and Kadwar ) are also common. The beach. 
natorial consists of mechanically deposited carbonate 
eedinets of sand seize and the particulate material is 
biociastic. The coareer fraction is made up of complète 


testes of gastropods, lanellibranohs and Balanus, 


Theo origin and age of the miliolite formations 
is controvergial, centering on the problen of their 
aeolian and/or littoral genesis. The occurrence of Stone 
Age inplomontp in à stratified context below tho 
niliolito, ( as at Unrethi dan site, ia the Hiran valley 
and at Adi Chadi Vao, Junagadh ) have raised a number of 
palacogeographical, geochronological and palaecenviroumental 


problems which gill be discussed later. 


Oyster Beads 

Oyster beds are found about 6 kn inland and 
9 m AMSL near Tavadra village in the Miran valley. They 
belong to the fanily Ostreidas and the two identified 
genera are Grassostrea and Lopha. At present, they occur 


in the tidal region. 


vyater beds also occur in the Saraswati valley 
near Jadalpur aad consolidated beach rock is observed in 
the Shingoda valley near Éodinar. These formations occur 


at the sane distance from the ecast and at the pane 


LS 
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elevation as those found in the Miran valley. On the 
northern plains oyster beds occur far inland from the 


coast and oven extend beneath the alluvial soil. They 


have beea observed exposed along the margin of the Rann 


of Kutch ( yane, 1972 ). 


Sand Dunes 

Anong the other Recent and Subrecont 
formations are the sand dunes. These are connon ak ong 
the coast near Una and Gopnath and in the Eann and 
northern parte of Saurashtra. They occur in the form 
of barchans, transverse and longitudinal dunes. The 
longitudinal dune. ridges generally occur behind the 
line of active dunes. The dune sand o£ the area ig 
strikingly different from other parts of Indian const 
in beiag doninantly calcareous in composition ( Mathur 
and Terna, 1977 ). The occurrence of Middle Palaeolithic 
tools below the dunes and microlitha above the dunes 
( Allehin, 1974 ) io significant from the geochronclcgical, 


a-chaeological and palaeoenvironnental poiat of view. 


In the Miran valley, at Prabhas Patan, Veraval 
and ia the coastal area sand dunes have formed as a 


result of aeolian accumulation. 
Tho Alluviun 


The alluvium consists of the detrital material 
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deposited by the rivers and their tributaries. It occurs‏ 
in the river valleys and all along the coast. The coastal‏ 
alluvia are represented by the slightly raised tidal‏ 
flats whore the fluvial gilt has accumulated, i‏ 


Fluvial deposits are, for the nost part, 
confined to the middle and lower reaches of the rivers, 
couprising floodplain, estuarine and nearshore formations, 
The alluvial cover throughout the region is conparativoly 
thin and the maximun height of the terraces rarely 
excoeds & n. The terraces do not continue up to the coast. 
Almost invariably they reach a point approxinating to 
the linit of tide where the alluviun is replaced by the 
tidal clayey silt. Tne distinction between the older 
and younger alluviun is not always possible as has Deen 
gone for many of tha Plateau rivers of the Deccan 
peninsula. Ia general the older alluviun is nore calcareous 
than tho younger allaviun aad the older alluvium is many 
tines partially replaced by younger ono, The streams have 
low gradients, low baaks and sandy gravelly beds. 
Consldorablo lateral shifting 1a these streams has 


taken place during the late Pleistocene period. 


Ia the Hiran valley, tho alluviua rests on 


the Deccan Trap ( as ia the source rogion ) andd on the 
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miliolite limestone ( as in the lower reaches ). The 


 jalluviun 4s comparatively thicker ( about 5 m ) in the 


source region than in the lower reaches where the 
biokness is 1 to 2 m. The alluvial deposits are of 
considerable significance because of the occurrence 
of Hiddlo Palaeolithic artifacts within then, 


Tectonic movements operate fron within the 
iuterior of the earth, but éhe, expressed at the surface 
by a displacenent of the crust. They result in 
disturbance of the equilibrium established among the 
external agents. Irrespective of their true character, 
these novenents can be considered to involve uplift and 


depression of varying degree, relative to a fixed datun. 


In order to study the tectonic stability of 
the Peninsula, an analysis ( Lele, 1968 ) was made of 
the earthquakes reported to have been felt in and around 
Cauraghtra during the last 300 years or so. From the 
available information 13 appears that earth trenoro are 


on record since 1668. 


Pig. 8 is a tectonic map of Saurashtra showing 
faults, Table 1 gives dates of the diftverent earthquakes, 
their 1 and probable intensity based on the 
Modified Mercalli Scale ( MM Scale ) ( Fig. T ) and on 
the Richter Scale. 
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. TABLE 8 L 
Year Honth Day & 
1668 May æ 
1684 œ - 
2705 = = 
1819 dune 16 
1820 Jan 27 
1820 Hove 13 
1821 Aug. 13 
1828 duly 20 
1842 Oct. 9 
1843 Feb. 8 
2805 Apr. 19/25 
1845 June 13 
1850 Dece 25 
1864 Apr. 29 
1903 dan. 14 
1909 Apr. 9 
4919 Apr. 2i 
1922 Har. 15 
1927 Nov. 28 
1935 July 23 
1958 dJuaeeAug.= 
1938 duly 19 
1938 duly 23 
1940 Oct. 51 
1950 June 14 
1956 July 21 

M: 
0¢%.13,16,18 
Oct. 14,16 
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222 699 59! 
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0 739 
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24? 109 
24? 129 45* 
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2 11? 33: 
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Richter 
Scale 


8.5 
2,0 
8.3 
8 3 
3.0 
360 
3.6 
5.0 
2.0 
2.0 
3.6 
63 
2.6 
5.0 
36 
31 
6.5 
3.9 
36 
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fable 2 ( Tipnis, 1969 ) gives the geological 


association of some of the earthquakes in Saurashtra region. 


Geological Association 


کہ سمہمہوو! مم جو OED ES OR ONES‏ عد جے مم ALOE‏ چب D‏ جو A‏ چٹ ڑھج OO‏ ہو ویدیدے کہ HE e ERY‏ جم OEE‏ چم NOCD SO ET EY CO‏ می wa ceo‏ نجار ERP FO OIE AH OS TEE wo‏ عم ا ہد سے 


TABLE 3: 2 
Year Place Lithology 
1938 Paliyed alkaline 
traps 
1961 Aureli alkaline 
traps 86 
.0f radial 
network of 
dykes 
1968  D2horaji alkaline 
detpur wrap near 
. eruptive 
centres of 
Girnar, 
Junagada 
1968 Surendra- alzaline 
nagar 55 
(Dhrangadhra) "T9898 
Janunagar 
(3alanbha jodi) 


Md u A OD ES ALD وہب‎ SR جب ہوم جب جوب‎ n n aeos مجچه‎ 


Related Structural 
alignment. 


uu مد‎ suy جوم جحت و مرب‎ VD. 


eastward extension of 
southernmost fault of the 
Kutch basin or westward 
continuation of the 
Narmada rift faults. 


Westward continuation 
of the Narmada rift fault. 


possibly at the intersection 
of northsouth of ‘estccoast 
fault and eastwest of 
Haruada rift zone. 


eastward extension of 
southernmost fault or 
westward extension of 
the Narmada rift faults. 


قد uet am ien e‏ کے eR‏ تی GAAP e‏ کت بھی PD TY RE ERY OR‏ ای و ن یی 


It.is evident fron the above analysis of 


earthquakes that the Saurashtra peninsula and Kutch lie in 


a Seismic belt where catastrophic earthquakes have occurred 


Curing the last 300 years. The frequency of major earthquakes, 
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however, does not appear to be large. | 


——7À 


م٥‎ data obtained from studies on mean sea level 
changes at Bhavnagar, Bombay and Cochin ( lele, 1967 ) , 
indicato that tho NSL generally shows a rising trend. At 
Bhavaagar, however, the rise is 1.770 m per century | 
( computed from 19 years ( 1937-55 ) data ) while at Bombay 
and Cochin dt is only 0.186 m and 0.443 m per century, 
سس تد‎ thus, the fact that the rato of rise in sea 
level at those pointe is not identical, suggests an 
instability of the West Coast. 


According to geologists the tectonic pattern of 
Saurashtra is mainly controlled by faults. The southern 
and western coasts ( Srivastava, 1968 ) present a fault 
Scrap shore line and a ronarkably straight fault shore line 
respectively. The fault on the west coast of the Peninsula 
is probably an extension of the fault which is thought to 
have resulted in the alnogt straight coastline of western 
India, The southern coast fault probably extends into the 
Narmada zone of weakness. The Gulf of Kutch on the northern 
side of the Peninsula is a fault sone, the fault paseing 
parallel to the northern coast of the peninsula. 


On the basis of petrological and seismic evideaces 
in this area ( Tipnis, 1969 ) there is a great likelihood 


of sub-surface extensions of faults associated with the 
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Narmada rift. The sedimentary deposits overlying the 
Deccan Traps have been displaced by faulting. 


Seisnic refraction experineats ( Tandon, 1966 ) 
to study the crustal structure of the ocean floor noar 
tho Gulfs of Canbay and Euteh have indicated that 
volcanic ash and punice ia the Deccan Traps exist at 
3020 meters below the sea level. Zruptive basalt underlying 
the Deccan Traps appears to have been uplifted at the 
distance of 80 kn from the coast. These features pertain 
to the Gulf of Caabay while for the Gulf of Kutch, the 
depth of the Deccan Traps over the continental shelf is 
ہت‎ 1 and 1.3 kn. The traps are not observed over 
the continental slopes. The thickness of the Yiocene 
sandstones aad Pleistocene sediments overlying the Deccan 
Trang isdeut 600 n and 300 3, respectively. the thiciness 
of some layers over the continental slopes is about 
2300 a and 200 n respectively. The crustal layers observed 
in this area aro the Deccan traps and eruptive basalts. 
Evidence for the continuation of tectonic activity durias 
the Late Tertiary of Zarly Quaternary caa be geen at Bes 
Dwarka, where a localised displacenent is observed in the 


Dwarka beds. ( Lele, 1972 ). 


Verna and Uathur ( 1976, a, b.). on the other 


hand, are of the opinion that there is practically no 


' OVideuce ta show that the southern Saurashtra coastline wan 
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| ever largely affected by faulting during the Quaternary 


period or that even a large scale uplift unaccompanied 


X 
ms 


DAES. 


3 


5 
Y 
3 


by plications in the Quaternary sedinents has taken place, 
This view is strengthened by the absence of najor 8 
earthquakes ( whioh are to be expected in a region which 

io significantly tectonically unstable ) during the known 
history of the area and by the fact that Quaternary 
sediments show no sign of faulting and folding. But 

Yorna and Mathur ( 1976 a, b.) do not disregard tho 
opoirogonio novensats in the southern part of the Saurashtra 


0022 ٠ 


The writer's opinion is mainly based on his 
field-studies. The survey in tho southern and central 
parts of Saurashtra hag shown that miliolito of marino or 
fluvioenarine origin generally SORS CO aa elevation of 
about 40 a, while those occurriu; above this height are of 
acolian origia with the exception of the niliolito at 


- a. 


Vorethi ( 75 n ANSE ) and S2nin;oda ( 104 n ASL.) dan 


sites, which iadicates the local asotectonic activity. 
The occurrence of a slump structure in the nillolite-I, 


at Unrethi daa site ( Plate III ) may support the sane view. 


It is evident, therofore, that instability cannot 
be ruled out as aa operativo factor, but tho problem of 
neoteotonios ia Saurashtra is as complicated as in other 


Parts of Indio. Firstly, there is no precise dating of the 
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geomorphic features suggestive of teotonio movement. 


Secondly, detailed geological and geophysical data are 


‘lacking. Thirdly,oven in areas with earthquakes, there is 


no direct evidence for folding and faulting. Algo, the 
magnitude of tectonic forces has not been estínated and 
because of lack of their understanding and absence of 
chronology, the succeeding discussion on the nature and 
intensity of climatic, fluvial and eustatic changes in the 


Peninsula remains problematic and fluid. 


fhe variation in geological, morphological 
and climatic Zactors withia the Hiran valley has given 
rise to different types of soils. The nedalferetype of 
soils occur in the source region of the river vhile in the 
lower reaches pedocaletype of soils are common. Pig. 9 
shows different divisions of coils ia Saurashtra, The local 
classification ( Dikeshit, 1970 ) is based on the depth, 
colour and salt consents of the soil. The soils are 
ehallow, slightly alkaline, non-saline and agonal i.e, 
with ao clear profile differentiation. Based on the local 
classification there are two sain types of soils in the 
Hiran valley. 

8) Goradu or Red soil 


b) Kali or Black soil. 
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the 
In, gourco region of the dE in tho Gir forost, 


where the bed rook 16 the basalt and rainfall exceeds 


600 nn, “the soils occurring are cs ا‎ of Goradu, such as- 
3 E 


Kaupal s red alluvial deposit in the Sasan Gir and 
.nearby area. 

Halin 4 a sweet mould that breaks into emall,soft 
clods, as in the Kamleshwar and in the 
gource region of the Hiran river. 

Retal 3$ three quarter sand, ae occurs in the area 
downstream of Sasan Gir and at Talala. 


The fourth type which is present in the Saurashtra 
peninsula but has not been observed in the Hiran valley is 
Renchak, 


The different varieties of the black soil 
present in the Hiran valley are 

Kanpal : a black alluvial deposit, uhion is oomaon 
in the niddlo part of tho Ulran valley near 
Talala and Ghusta. 

Haran karal s a sort mould which breaks into small 
clods is common in the area away from the 
river bed near Govindpara and Nevadra area. 

Kathan karal : a hard mould with thickness varying 
{zom 4-6 مه‎ It is common in the lower 


reaches of the river. The two types of 


. In Public Domain. UP State Museum, Hazratganj. Lucknow 
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black soils occurring in Saurashtra but 
not occurring in Hiran valley are Kali 


Besar and Renchak. 


Besides the black and red varioties there exe 
two types of gravelly and one type of a clayey soils. The 
two types of gravelly soils are locally known as Patharia 
or kankerial and Jechor which is mixed with gravel, 
mineral fraznento, safarin and consists of light deposit 
soil with rook or large stones beneath. Some parts of 


Saurashtra have sticky salt clays. 


A reconnaissance goil survey of the Hiran valley 
was carried out in 1970 ( by Eiran æ II Irrigation 
Division). The 4 classes were nade on the basis of depth 
of the soil ( such as 3 very shallow, shallow, mediun, 


medium deep ). The soils in the area are forned from the 


FANE 
Miliolite and kas a ridge-to-valley formation. The 


shallower soils occur on the ridges and they go on 
becoming decper and darker towards valleys. The moisture 
retention capacity in the soils varies fron 40 - 84 3 
indicating a heavier texture of the soil. The soluble 
Salts in the soils ia this river valley vary fron 0.012 
to 0.21 % indicating negligible salts. The pll varies fron 
1.2 ~ 7.8 indicating altervative nature of soils and no 


sodiun hazard. The lino content is found to increase with 
depth of the soil. 
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CLIMATE | 
Tho clinate of the Peninsula is in general 

pleasant and healthy. January, Pebruary and March are 
marked by heavy dows and thiek fogs. These are more comnon 
inland than on the coast and are generally followed by 
very hot days. The hot weather begins in April and lasts 
until the nonsoon which begins about the middle of June. 
The hot wind blows ia various degrees in different parts 
and is hottest in tho north, On the coastline, there is 

vayo a light cool breeze. The rains are never severe 
and grow lighter towards the west. In September and 
Octobor she heat of the sun is actually felt, though the 
weather is cloudy. The later part of November and tho 
whole of Decenber are in all KEE like January. In the 
hottest weather the tenperature is seldom above 45° ©, 
although generally between 37° to 44° 0. In the coldest 


season it io seldom or never aelow 6° U, 


The following tables ( IMD, 1967 ) give monthly 
and anaual values of temperature, relative hunidity and 
wind speed for the five difzerent observatories in 
Saurashtra. The observations are based on thirty years’ 
(1931 = 1960) data recorded by auto-recorder at the 


respective observatories. ( Tables t 3, 4, 5, 6 and T ٠ 
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TABLE t 3 


Monthly Maximum Temperature °C, 


Station Dwarka Veraval Rajkot d ar Bha 
Latitude N 22922! 209549 22918" 229 205 21° 45 


Longitude E 699055 70922! 78947! 7# 024 72 11° 


ar 


: Mn 1l 8 138 23 - 11 
Months 
JAN 23.5 3205 328 50.0 32.8 
PEB 3146 — 3447 — 39.4 32,5 35.9 
HAR 34.4 ے38‎ 3 39.5 51.0 39.9 
APA 3344 591 42r 39.9 42.6 
HAY 35.0 35.0 4335 40.3 44.1 
JUN 33,5 353.3 41.0 38.7 49 
JUL 32.5 31.5 — 36.8 35.8 51.5 
AUG 30.1 — 30.7 — 34.3 33. 7 35.0 
SED 30.9 32:4 IE 34.9 36.4 
07 3.6 37-3 6 31.2 31.5 
507 34.41 36.2 39.6 34.5 35.2 
EC. 31.5 — 3»8 — 35.0 30.8 32.5 
ATUL 31,1 40.0 14995 40.9 44.2 


BS جج‎ 4B ra eee حم جج‎ RAR Lo EIA £o EEO CD ED Ak OO S200. Gui IED A VEN O A ST ed ER <i ASD SES OUR EE X r EDR OT جن‎ ERS SS r 
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TABLE : 4 
Monthly Wininun Temperature %, 


الما مم جم مھ AS‏ عو مہ مم جح OP‏ 


کہ aa‏ سس و 


Stati on Dyarka Veraval Rajkot annagar Bhavnagar 
Latitude N- 22° 22' 20° 54! 22° 16° 22% 27' 21° 45* 
Longitude E 69? o5* 70° 22: 70° 47° 70° 02" 72° 12° 


pong (aye 8 138 23 1i 
Months 

JAN 22. 9.1 5.1 7.5 7.4 
Pu 1303 Ir 6.9 8.2 8.5 
MAR 17.3 14.0 11.8 232 223 
ADR 21.6 13.0 17.0 17.8 18.9 
HAY 25.6 22.6 237 224 23.2 
JUd 25.8 24.8 23.7 24.4 23.9 
JIL 24.4 24.1 22.7 Ec» 23.6 
AJG 24.2 8 22.3 25.2 2507 
SEPT 23.9 22.5 20.8 237 21.6 
oca 20.6 18.8 15.3 13,1 17.3 
Nor 17.4 ا 12.1 ناد‎ 12.8 
DEC 021 11.5 90و‎ 38 9.1 
ANUAL 11.6 3.0 9.2 6.3 6.6 
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TABLE 2 5 


Relative Humidity ( $) 


حم مم سہ کح حت 


ہیں فحہ میں سس ہے بے ene en‏ 


er 


Station Duarka Veraval Rajkot Jamnagar Bhavnagar 
Latitude N 22? 22' 20° 54* جو٥‎ 18' 229 27' 219 45' 
Longitude E 69° 05° 70° 22' 70° 47' 70° 02* 72° 11! 
Altitude 


ASD (m) 1i 8 138 23 0 
Months 

JAN 65 49 52 60 44 
PEB 72 56 57 60 44 
HAR 18 63 63 T 39 
APR 81 72 65 68 44 
MAY 82 82 了 2 TO 54 
JUNE 82 83 16 69 - 65 
JULY BA 88 85 82 Ti 
AUG 85 89 86 82 Ti 
SEP? 84 86 85 el 14 
I 73 68 70 16 60 
307 68 51 50 61 50 
DEC 63 47 49 60 45 
AXTJAL Ti 69 67 10 56 


مہ ہو ےھ کھ e‏ سو SMA OOD‏ وچ ہہ امہ وحم OO‏ جح کد AD‏ مد مید سی فدہ A‏ مد کہ تع مو چا ی کہ مک چم نرہ ہے لاي موہ مے یھ لہ ہے < eS‏ تہ لحمو اچم مہ ص حم IP‏ می کہ کے نے چے 
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TABLE : 6 
Hean `. Wind Speed (ka/hr) 


RED nh un ہہ‎ ee e وہ ہے دہ ہہ‎ ENED ue ہے سد کہ دہ مود مج‎ ey aia 


ED‏ میم OO‏ کا Gs‏ سے نے مے سو کے سے زک ED qat‏ می محمد مہم پت ھر HON‏ ھی ای مع 


Station Dwarka YVeraval Rajkot Jamnagar Bhavnagar 
Latitude E 22° 22" 209 :ہو‎ 22918" 22° 27' 21° 458 
Longitude E 69° 05'. 70° 22" 709 47° 70° o2t 72° 11° 


11 23 138 2 8 11 ا 
آژ29] 

JAJ 15.5 12.3 13.1 8.0 84 
PES 14.8 13.2 13.6 7.8 8.6 
HAR 19.1 14.9 16.6 8.8 9.8 
APR 18.1 16.6 19.7 لا‎ 11.3 
HAY 20.0. ۶ 26.2 65 13.9 
JIJ 23.5 22.5 28.1 16.2 15.3 
Ji 21.1 28 29,23 15.6 14.7 
AUG 21.9 24.1 25.2 14.2 12.5 
cme 15.0 15.3 17.4 3.1 19.0 
oc? 11.8 شا‎ 12.1 7.0 Ta? 
07 12.4 10.3 10.6 6.9 6.8 
DEC 12.3 0 233 7.5 7.0 
ANUAL US 16.5 18.5 10.8. 10.5 


人 e enan we mo ar c2 ap Vet aaan ERE e ne n ED MD U CHD E CHE UO a O ADER CREED بب ےج سم سک لج‎ 3:7 


ew: 
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TABLE » 7 
Honthly Total Rainfall £ um) 


مد ےد جم جہ ھب وہ یو ونب سم cc VED‏ جم ACD‏ 


مے مصد dip. stir ctm Cn‏ چم ےج جہ ہمہ یمم Ar‏ ہے 


Lid 


Station Duarka Veraval Rajkot Jamnagar Bhaynager 
Latitude N 22° 22 20° 54' 22% 1st 2292279 21? 459 
Longitude E 69° 05° 70° 22' 30? 47* 70° 02' 72° 12! 


ae, ae ds 8 138 25 XE 
Yonths 

JAN 2 067 22 0.6 2.5 
FEB 2.0 23 0.4 0.9 0.5 
HAR 0.9 0.2 1.0 0.1 3.4 
APR 0.4 4.6 25 . 0.0 12.5 
HAY 0.4 5.3 EC 8.4 6.2 
JU 48.8 130.35 99.3 633 15.7 
JUL 220.0 304.8 292.8 215.8 242.8 
KIG 7.9 149.8 145.0 089 
SEP ) 66.9 93.3 62.2 + 65 
007 4.8 حكن‎ 29.1 25.4 9.5 51.8 
Nov 19.2 1.5 4.8 5.1 1.5 
20 2.5 non 3.6 0.8 0.2 
IUe 218.9 102.4 673.8 490.3 600.8 


کے Oe am‏ ج سد 
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The Peninsula being small in size ( Total area m 
56980 kn? ) regional variations in the olinate have limited 
value in defining types of climates. Recently, based on 
Thornthwatite and Mather's ( 1955 ) Soheme, : 


Rao and others ( 1972) have worked out an 
Agroeclinatio Classification for India, The classification 
of climate of Seuraehtra, as mentioned by them is given 
in table 8. The annual values of relative humidity vary 
between 55 to 80 while the monthly values for. monsoon 


months ( June to September ) vary between 65 to 90 €. 


The mean annual wind speed for the monsoon months, 
june to September vary from 10 to 29 km/hr. The monsoon is 
the most important climatic factor. It not only influences 
the nature of the landscape development and vegetation but 
the variability also controls the economic and social 
pattern of the population. A study of twenty raingauges 
from this area ( Lele, 1968 ) indicated that though the 
Peninsula is withia the influence of the southwest nonsoon, 
the rainfall is very low. The Peninsula has an annual total 
rainfall between 250 um to 650 ma, with the exception of 
one or two places ( e.z. Junagadh and Sasan Gir ) where 
the upper limit is 650 m and can exceed 850 mm, For sone 
Stations the lowest annual total rainfall varies fron 
30 ıa to 280 ma and highest annual total rainfall varies 
fron 1,200 to 2,100 na indicating that tho year to year 
‘fluctuations are very large. : 
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There 4s a vain gauge station viz. Sasan, which 
io situated inside the catchnmeat area and another is at 
Talala just lying on the boundary of the catchment. To 
work out the dependable rainfall in the Hiran valley two 
rain gauge stations lying inside the catchment area and 
five stations lying outside the catehmeat area were 


congidered. Average weighted rainfall e 912 aa. 


The rainfall data of the 7 rain gauge stations 
in the Hiran valley indicate that the year to year 
variation is far less in case of all the rain gauge otations. 
However, the mean annual total rainfall in the source 
region is much higher ( 1644 mm ) than in the lower 


reaches ( 702 mn ). 


WIND 

Yinda are produced by di2zZerencos in atuospheric 
pressure, An analysis of daily wind speed and direction in 
the vicinity of Yeraval ( 13? - 22? T and 69° ~ 71° 3 ) 
was carried out. The writer studied the data recorded by 
ships during 1991 to 1966 and analysed these on a 220-5600 


Couputer for direction and speed. 


There is no marked difference in the yearwise 
frequency distribution of wind speed, Also, the variation, 
the nodal point and the average wind speed do not change 
from year to year. AS the yearvise variation is negligible, 
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the 16 years' data are peoled together to understand the 
combined effect. 


fhe tuo classes ( 9 = 10 and 13 = 14 knots per 
hour ) have maximus frequency, The average wind speed : 
fluctuatea between 14 and 22 kn per hour from year to year, 
however, the average wind speed is 19,5 km per hour. The 
average wind speed remains nearly steady for the period 
January to March while, April onwards it starts increasing 
and reaches its maximum in July. It decreases from August 
onwards and agaia remains steady during tho period fron 
October to December ( Fig. 11 ). The maximun speed recorded 


is 185 ka per hour. 


The frequency distribution analysis of wind data 
are made in pixteen directions ( Fig. 10 ). The vestorly 
GQirection is dominant during the monsoon months ( Hay to 
September ) with a frequency of 17.3 4. During the periods 
January to April and October to December northerly winds 
ere predominant. 


kus wind chadtges aro more frequent during the 
03800 nonths, tho iatensity of wind speed varices between 
9 to 12 knots per hour and the variations in the speed and 
dircetion are within a small liait. 
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HYDR OL OGY 
The river Hiran, rises fron springs near the ہ‎ 
village of Ehajurapani ) Bajaria hills ) in tho forested 


` region on the southeastern side of the Gir ranges, The" 
river is 58 kn long. Initially, it flows in a westerly 


direction through hilly tract for a distance of about 
19 kn up to Bhatehel. For the remaining 39 km it flows 
southwestwards till 4t deboushes into the Arabian Sea at 


Somnath Patan ( Fig. 2 ) 


Drainage basin characters 

Horphonetrio methods are defined as tho numerical 
pystenatisation of landform elenento as measured from 
topographical maps, thus providing a basis for quantitative 
geomorphology and also for an empirical relationship between 
the inherent characteristic of landforms. The parameters 
considered for the study are fora indices ( circularity 
ratio and elongation ratio ), streau sinuousity index, 
drainage density, drainage frequency, drainage texture, 
basin relief ratio, bifurcation ratios and the length of 


overland flow. 


For the purpose of the morphometric studies 
Carried out in the Hiran, the river was divided dato two 
parte : a stretch of 27 km from its source up to Talala 
&nd fron Talala to its meeting with the Arabian Sea; 
analysis of the entire course of the river Hiren was also 


3 . &arried out. 
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TABLE 2 9‏ 
Resulte of the morphometric analysis of the Hiran basin.‏ 


۴ یی جم میرم حي ہد OTE: AR STD‏ حوہوبم مات ce vase‏ 


رجہ مہ 


ant onim. 


A stretch <A etretch Entire 
fron the fron tho “Hiran 


source nouth 
region rogion 
1, Area of the basin (En?) 271.94 246.03 6 
2-Length of the valley (Km) 21.42 30.50 51.92 
3.Total nunber of streans 21.00 77.00 353.00 
4. Total length of streams (Xn) 319.06 120.00 511.76 
5, Form index 0.467 0.371 0.208 
6, XLongation ratio 0.722 0.752 0.514 
7. Stream bpinuooity indox 1.1 1.2 1.2 
8. Drainage density (Ka/Ea®) 1.438 0.488 0.988 
9. Drainage frequency (n/Em^) 1.015 0.313 0.682 
10. Drainage texture 1.460 0.153 0.674 
ll. Basin relief ratio (a/Km) — — 6.660 
12. Length of the overland flou(Kn) 0.548 1.024 0,506 
13. Bifurcation ratio 
order i to II 5.24 5.00 5.19 
II to III 5.25 4,00 4.91 
III to IV 200 1.50 1.35 
I? to V 4.90 — 6.00 
Y to VI 1,00 — 200 
nean 3.498 3.500 3.786 
14. Length ratio 
order I to II 1.987 3-554 2.528 
II to III 1.000 1.919 3.152 
III to IY 4,000 1.800 1.253 
IF to V 1.750 — 1.500 
E V to VI —X — 5.140 
n nean 2,184 2.390 2, 615 


aa soraan a n‏ .ےنموچ 


کے کے دی an‏ مو کے قب میں Pa‏ سے ہے "ac SOUR‏ جو ہد جہ 
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QASLS 1 10 
Results of the correlation analysia 
constant slope 4 error coéf, of 
correla, 


COD TSP at‏ سو TA‏ موچ 


LEE ND n NER tut GA OEE NY EA BOI ONY 928 a9] 7ئ ٗر رت سض دی مس‎ 


ee amar ae ee ORA 


1. A stretoh of Hiran (N)2,806 1ه‎ 0.139 0.37 


from the source (1)2.494 «0.282 0.076 0.28 
region. 


2, A stretch of Hiran (9)2.167 «0.830 0,192 0.44 


zom the mouth (L)0.503  -0,158 0.126 0.36 
region. 
3, Entire Eiran (3)2.954 0.585 0.143 0.99 


(0)2,671  - 7 0.125 0.97 


مہوہ a OS‏ ہم یم جے ہے ھک G3‏ 


کہ رجہ جرد سے ہے 


o‏ کہ سے چ 


H 3 correlation between stream order (2) and strean number (N). 


L 4 correlation between strean order (0) and stream length (L). 


Tike ideal scale of maps for morphometric studies is 
l ¢: 24050 ( Leopold et l.e, 1964 ) but in the absence of such 
large-scale maps the present study has been carried out with 
topographical naps with a scale of 1 5 63,360. 


Fron factor, which indicates the shape of a basin 
is the ratio of basin area to the square of maxinun length 
of a basin. It is found to be 0.288 iadicating an elongated 
Shape of the basia. Another factor considered for basin 
Configuration by Schuma ( 1956 ) is the elongation ratio. 
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Por the upper and lower reaches of the Hiran 15 is 
unity as the shape of both parts of basin 15 aguost a squares. 
On the other hand for the entire Hiran it is about 0,5 as 
the shape of entire Iran basin is elongated. The values 
approaching unity are typical of regions of low relief 
whereas 0.6 to 0,8 are associated with strong relief and 
steep ground slopes. 


Basin relief is the ratio of relief to maxinun 
Length of the basin ( Schumm, 1956 ). 


The drainage density, drainage frequency and 
drainage texture ( Horton, 1932 ) of the basin have been 
calculated. In the rugged hilly terrain of the dry deciduous 
Gir forest, drainage donsity of the Iran is high 
(1.4 و‎ )。 The stream channels are nore closely spaced 
and the drainage texture ( 1.46 ) is clase. On the other hand 
in the lower reaches of the Ulran river the drainage density 
( 0.49 كمع ردم‎ ) and drainage texture ( 0.15 ) are 


conparatively low. 


Horton ( 1945 ) has approximated the length of 
overland flow to be one half the reciprocal of the draingge 
density. Raingater has to run certain distance before 5 
becomes localised in a definite stream channel. The distance 
thus traversed is designated as length of overland flow. 

Ia the source region ít 4s 0.3 km where the terrain is hilly 
and rainfall is high while in tho lower reaches it io 1.02 kn 
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duo to low relief and low rainfall. 


the strean sinuosity index is 1,1 in the source 
region indicating & straight river channel while in the 
lower reaches it is 1.2 indicating transitional channels. 


_ he values of the bifurcation ratio for the source 
region, mouth region and for the entire length of the Hiran 
vary fron 1 to 5 but in the source region the highest order 
ig 6th while in the mouth region the highest order 4s 4th. 
fhe lot and 2nd order streams directly draining in the 4th 
order streams are naxinun ( Plz. 12 ) owiag to the 


difference in bedrock lithology and precipitation. 


The length ratio varies from 1.5 to 3.1. The 
first order gtreang of the Hiran river in the niliolitic 
in the mouth ) region are longer than those which flow 


over the Deccan Trap in the source region. 


Tho longitudinal profile of the Niran river 
( Tig. 13 ) is a smooth hyperbolic curve with a knick point 
which occurs as a 15 n bigh waterfall, near 3horala village. 
The gradient ( Table s 9 ) is 6.6 n/Em. for the entire 
length of Haran. The gradient is higher in the source region 
( 7.5 m/kn ) than in the lower reaches ( 4.78 n/m ). The 
present apperance cf the onooth curve is due to the’ general 
&$ounstreau decrease in size of the bed material and increase ' 


in the width of the valley, but it is difficult to say 
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whether the Hiran is presently at grade or not.‏ 


Fron figures 14 and 15 it becomes obvious that a 
plot of the namber of streans (3) against the order (0) is 
a straight line and follows the simple law of 0 and log 
لا‎ ( Allen, 1965 ). The same kind of relationsnip seons to 
exist between tho order of streams (0) and their length (1)e 
fhe correlation coefficient and percentage errors (Table:10) 
indicating that both these laws ave و تم‎ perfectly in 


gase of Hiran river. 


Oa the oasis of this analysis no àifinite 
conclusion oan be drawn regarding the hydrologic behaviour 
of the Hiran river. Available data is useful in studying 
the source of Quaternary sediments and in turn useful while 
interpreting the results obtained from a further analysis 
of the sediments, Data are still too fragmentary to 
provide a secure dagis for generalisations. The morphometric 
properties of the ulaeHutha, a tributary of the 3hina 
river ( Rajaguru, 1970 ) and of tho Krishna (Pappu, 1974) 
showed that drainage density and integration are higher in 
the source region which receives copious rainfall during 
the monsoon. This compares well with the @rainage density 
of the iliran ia its source region whore the rainfall is also 
B fairly high. The drainage texture of the Bhadar ( Marathe 
and Lele, 1976=77 ) in the aiddle reaches and the Krishna 
and Mutha on the whole compares very well, with the only 
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difference that in the former,alluvial deposits are sparse.‏ 


The utility of morphometric analysis of drainage 
bacin can only be assessed after we get a large nunber of 
absolute dates for various Quaternary formations in the 


area under study. 


VIGETATI OS 

Saurashtra was and indecd oven now remaias the 
Least explored of the various provinces of the old Bombay 
State Presidency. It is only during the last twenty years 
that information on the vegetation of Saurashtra has cone 
to light through various papers and publications, ( e.g. - 
Kapadia, 1945, 1947, 1950, 1954; Raizada, Vaid and 
Santapau, 1953, 1962; Santapau and Raizada, 1955; Santapau 
and Janardhan, 1960; Chavan and Oza, 1966; and Patel,1953 ) 
The writer's data regarding the present vegetation in the 
Hiran valley are based oa observations made during a number 


of field seasons ( 1972 - 76 ). 


The vagetation in the Hiran valley can be grouped 
iato three zones s 

i. Dry deciduous teak sone. 

2. Scrub zone, 


3. Coastal sone. 
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1. Dry deciduous teak zone 

i In the gouree region of tho Hiran at Kanleshwar, 
upstream of Kamleshwar, Sasan Gir ( Pl. II ) and upto 
Sangodra the vegetation is of dry-teal-typo. Teak is the nain 
species representing 40 = 70 $ of the trees. Some of the common 


species in the top canopy are 


Anogeissug latifolia, vall z2orzinalia crenulata Roth. 
Garuga pinsata Roxb. Lannea coromandelica (Hautt)Yern 


Lagerstrocnia parviflora Roxb. 3onbax cioba Linn. 


Madhuca indica Gael. Butea nonosperna ( Lank) Taub. 
Terninalia bellirica Roxb. ditragyna parvifolia ( Roxb.) 
Earth. 
Ganelina arborea Roxb. Acacia chundra (Roxb) willd. 
Acacia catechu #illd. Acadia milotica (Linn) Del 
Acacia forrzupgiaea DC Sep. indica(3enth) Brenan. 
Acacia leucophloea Willd. iiliusa tomentosa ( Roxb) Sin. 
Sricdolia squanosa Gehra Sterculia urerg Roxb. 
Alibizie odoratiseina Benth. Albizia lebbeck Benth. 


The understorey consists of most oZ the species in 
the top canopy along with others such as 
Aegle naruelog Correa. Capparis grandis Lian. 


Eolarrhena antifysenterica Tall. Cassia figtula Linn. 


Grewia tiliaefolia Vahl. Alongius galvifoliun (Lina.f.) 
. sang. 
Hallotus philippensis (Lank.) Zisyohus xylopyrus “illd. 
n Huel. 
s—Sfourtia indica (Sura.f.)Morr. Urightia tinctoria R.Br. 
Arg. 
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Tho main grassos are‏ 
Aristida funiculata Trin. et. Rup Zhemeda triandra Forsk‏ 
quadrivalvis (Linn. )‏ ء2 Aplude mutica Linn.‏ 
O, Kuntze.’‏ 


Heteropogon oontortus (Lina, ) 


Beauv. CE Re & 8۰. Schult. 


Dendrocalanus gtriotug Nees. ( Pl, II ) 1s the main 


banbeo soon in this area and Bambusa arundinacea ( Beta.) Willd. 


is gregarious in few patehes in the Kanleshwgar and Sarvani 


HIS area. 


2. SGorub © 

This type of vegetation can not be distinotly 
separated fron the dry-teak vegetation since they merge 
iaporcopoioly with each other. The elements of this type 
o£ vegetation increase dounatreas of Sangcdra for a stretch 
of about 25 kn. The growth veing stunted, canopy differentiation 
io not conspicuous, However, they can be categorised as 


twrece, shrubs, herbs and clinbers. 


Treeg 


Acacia nilotica (Lina) Dei.sop.. Acacia catechu Villa, 
indica Brenan (Benth). 


A. leucophloea Willd. A. genegal Villa. 
å. eburnea Willd. CR Ea As poljcantha Willd. 
Soymida febrifuga Juss. Prosopis cineraria(linn)Druco. 


Holarzohena antidynenterica Yall Prosopis juiifiora DC, 
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Aegle marmolos Correa. 


Wrightia tinotoria R.Br. 


Morindga tinctoria Roxb. 
Zicug raconosa Linn. 
Pieus hippida bina, 
Growig tilinofolia Tabl. 


Snrubs, Herbs and Climbers 
Zizyphus mauritiana bank. 

Se xylopyrus Willd. 
Hyotantheo arbor-tristis Lian. 
Indigofera sp. 


Gasnia auriculata Linn. 


"roma orientalis Slune 


The common grasses are 
Panicum antidotalo Retz. 
Apluda mutica Linn. 


Bothriochloa sp. 


Theneda SD. 


Digitaria descendens (HBE) Henr. 


.72 


Salvadora persica Linn, 


S. oleoidoe Decaisne. 


Butea monosperma (Lank,)Taub. 


Azadiraota indica Juss 
Sarcostena acidum (Roxb.) Voigt. 


Ixora parviflora Vahl. 


Capparis decidua (Porsk.)Bdgew. 


C. sepiaria Linn. 
Grewia tenax (Porsk.)Piori. 


Sida Sp. 


Levtadenia pyrotechnica (Forsk) 
Decne. 


Sarcostema acidum (Roxb.)Voigt. 


Sragrostis poaeoides Beauv. 


Sporolobus marginatus Hochst. 


Aristida sp. 


Setaria glauca (Linn. (Beauv. 
Chloris dolichostachya Lagasca. 


The man-made forests of Prosopis juliflora DO. occur 
ia patches along with Acacia spp. 


3. Coastal zone 


This is manenade forest in the coastal part of the 


Hiran valley. The elements of this type of vegetation are 
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gqnoreasing fron lawaria, Savni and Mander. The area near 
Xa joli y Badalpur and Prabhas-Patan is an area of purely 
coastal type of vegetation. The spoles raised are ~ 


3 
progopig  juliflora DO, 203088 peg=tigris (lian. ) Sweet. 
Aloe Vera Linn. Agave spp. 


40398322 eguipotifolia 5۰ 


Gortain rare species which appear in the graging 


Land are 一 
id Forst. Bove 
Cuscuta ۰+ Capparis decidua ( Rdg 


Calatropis procera (Linn. R.Br. Cassia auriculata Lina. 
Leptadenia pyrotechnica (Porat. ) 
Decne. 
Tho species conson in the ares near the confluence 


of the Siran and the Saraswati are ~ 


Suphorbia spp. Salvadora persica Lian. 
Azadirachta indica juss. S. 58 Decaiane 
Solanum indicum Liane Clerodendron nultiflorum 


(Burn.f.) ص0‎ 
atid Grewia tenax (Forake) Mord. 
Aristida 6p. 2 
Jatropha gossypifolia pinne  Sporolobus 8D. 


۴ 5 2 = Pero. 
4 Pergularia gaenta (2orsk.) Tonhorooia purpurea (Lina ) 
| IDA Deloaix glata (iinn.)Ganble. 


و یہ "ut"‏ 
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Harine algal flora 
The earlier work on the &istribution of marine 
algae along the littoral regions on the west coast was 
carried out by Boorgon ( 1928 ), Anand ( 1940 ) and Hara 
(1960 (١ 


The following account of narine algal flora at 
and around Somnath and Veraval 4s based on the observations 
nade by the writer during field seasons : 1972, 1974, 1975 
and 1975. 


fhe intertidal region can be divided into four 
gones 8 eupralittoral, upper nid-littoral, lower nid-littornl 
and infralittoral. Zach sone possesses communities made up 
of agsociations, eonsooiations or societies and with the 
وو ایر ای‎ 


subformations oecuring in protected habitats i.o. puddles, 


pools, bays and caves. 


The shallow pools contain a conspicuous growth 
aL 22 ociated 
of Zetocar»us coniger aad Gifrordia mitchellag ase G 
small growth of LaarencLa and Cnondria on pebbles. The dark 
m 
brown population comprises Sorrascum tenerrimum, S. 


ilicifolium, Dictyota dunogü, Jw atonaria, D. 1+ 


Ds maxima, Dictyooteria australis, Padina gynnospora, P. 
terastomatica, Spatozlogsus asnerun. Intorningled among 


these are also found green entangled masses of Onaetonorpha. 
Pink tufts of Saroonesa: Laurenocis and Gracilaria are common 


اله 
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ag the epiphytic growths on Golponenia ginuoga. In the 


neighbourhood of these rock pools there often ocour rich 


patches of pink calcareous Amphirhoa and Carallina, 


a 


Tho upper mid-littoral sone comprises a luxuriant 


growth of two prominent forms, Ulva and Enteronorpha. In 


the Lower mid-littoral zone Colpomenia oocurs very 


prominently aron with sociably growing Iyengaria ٭‎ 
Iyengaria eccurring either on rocks or in association 
uith the irrogular balleskaped Colpomenia sinuosa or with 
peculiar reticulate Hydroothrus clathratus. The common 
elements 1s Lovringia borgenseni. The nid-littoral sone 


1a dominated by members of tho rod algal types :Ceramiales. 


The infra-littoral zone represents the richest 
floral ground of th whole littoral regíca and exhibits 
beautifully colsured apgenblages of red and green algae. 
the exposed parts are devoid of brown algae» Species of 
Dictyota, e ER and padina are of common occurrence 


عل ويه خر وی 
along with Stoechogpermus narginatun, Dict onteris‏ 
ong th St ^ 1‏ 
australis and Dictophus fasciola.‏ 


ANIMAL LIPS 
la Gir forest is 
the 


national aninal lion ( Panthera leo Linnaeus, 1755 ١ is 
Formerly the Barda Hille vere covered 


the only place ia India where our 


etill gurviving. 
enough to attract 3+ 
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All the aninals occurring ae the Peninsula‏ 
oocur in the miran valley, they are pee (Panthorg‏ 
pordug Linnaeus, 8, Sheatah ( Acinonyx jubatus‏ 
Bogelaphus tragoosmelus Pallas,‏ ( ).۳۵ئ0 3 1116 sonrebers‏ 
و( 1758 اليد "Black duck ( Antilope cervicapra‏ 8 1766 
p, Obinkara ( 992928 casella Pallas, 1766 ), Pig ( Bus Scrofa‏ 


cristatus Wagner, : 1839 » "Striped hyaena ( Hyaena hyaena 


Linnaeus, 1758 Yee Wolf ( Canis lupus lupus Linaaeus, 1758 و(‎ E 
i, Jackal ( Canis aureus Linnaeus, 1758 ) Lynx ( Pelig lynx B 
2 7 t 
Linnaeus» 1758 7 Jungle cat ( Felis chaug Guldenstaedt, i 


TAM "Bengal fox ( Talpes bengalensis Shawy 1600 و(‎ 1t 
1l. Porcupine ( Hystrix indica Éerr, 1792 J, Orocodile 


( Grogodylus palustris Lesson ). A 


In addition to the above mentioned aninals 


| ; i nu of 
Peacoeza, Wild ducks, Cranes, Pelicans and a number 


ù 
gane birds are present ia this area. | 


1 £ $ n the prosent 
"nus oa the 5asis of the atndies O 


environnent 4% can be paid in short that meteorological 


te back 
data on rainfall, teaperatures prossure and wind da 


to only a hundred years. Rainfall records of the last fifty 
۲ y ۷ 


any sigaificant or long tern 
interpreted 8 being of elinatic 


years or so do not show 


variations which could 8 


ow 
origin, Temperature records of the last fifty years sh 


boon a plight increase 4n both naximun and‏ ع 


UNS 


2 that there ha 


2 nininun temperatures on the whole there is no evidence for 
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any major departure fron normal mean values, although‏ 
isolated events of greater magnitude have occurred. It must‏ 
algo be remembered that analysis of nateorological data‏ 
تھا will only show trends of events which might have‏ 
with more or lese the gano intensity in the past. Beyond‏ 
this, they are not significant in palaecenvironnentel‏ 
reconstruction, unless corroborated by ether 1 7‏ 
meang of assessing change ( e.g. palynology, nineralogy‏ 
and geomorphology ). Due to absence of palaeontological‏ 
evidence the study of present flora ( including algal flora)‏ 
and fauna in the Hiran valley provided little scope te‏ 
ascertain the past vegetation. Specific identification of‏ 
the only plant fossils discovered at Jaspura ( Pl. X ) 8‏ 
not popciblo owing to tho poor state of proservation, 6‏ 
lack the evidence of fossil algae, although they play a‏ 
najor role in the formation of carbonate sediments. On the‏ 
whole, this study seemed to bo of Little help in deducing‏ 
palaecoclinate of tke Hiran valley. Detailed study of‏ 
ato and associated morphological features‏ 
that the clinate has not‏ دوہ 


Quaternary sedine 
in the area under etudy pan en : 
changed drastically eiace, Lact 30,000 years OF 80. It is 


other 
therefore, logical to infer. that the vegetation and 


e or lese the sane as that 
treatment of the modern 


climate and vegetation provides & necessary foundation for 


tudies included in the next two chapters. 


blolazical environzent were moz 


ü 
of today. Hence, gonesnat detaile 
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Field and ! 
Laboratory Studies 


*Luylal deposivs are of considerable significaace 


in the study of Indian Prehistory because Quaternary 


Larges; river 
formations in the Pepineulea are Largely confined to 


r “Lo ptudios has 
valleys. the former troad in Indian prehistor 


been to 15 artifacts . frog stratified river gravels, 
een vi E 


2 the 
whieh aro dated by changes opserved ia 
related palaeontological data 


ial The geonorphic 
recovered from the associated flu et eh 3 s 


geonorphio 


history of river Valleye and 
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pistory and relative chronology of the fluvial deposits 
are mainly based on inferences drawn from erosional and 
aepositional features, In the Hiran valley and in the 
other valleys of southern Saurashtra, erosional features 
are ropzesented by cut and 2121 terraces, water falls, nick 
points, depositional features of gravels, oilt deposits 


and a variety of nearshore and estuarine formations. 


Attenpts have beon made to explain climatic 
changes on the basis of evidence for aggradation and 
erosion. Zeuner ( 1950 ) interpreted the gravel deposits 
4n the river valleys of Gujarat, as reflecting increased 
aridity during the Upper Pleistocene, On the other hand, 
Sankalia ( 1962 ( equated erosion and aggradatton with 
she wet and dry phases respectively, during the late 
PLoiestocense on the basis of Quaternary studies in coastal 
dahavachtra, Guzdez ( 1975 ) has stated that there is 
litle justification for the simplistic correlation of 
gravels with wet and silts with dry phases oi climate. 


In recont years, more eyetenatice studios of alluvial deposits 


5 | da the 
in western Maharashtra ( Rajaguris 1970 ) and » 
uggest that e 
upper Érishna valley ( Pappu, 1974 ) suggest 


tea from the nodern 
climate in the Deccan peninsula depar 


ent on 
seniearid 8 26 clinato only by 25 to 40 pere 


t tines 
either cide. It was at tines 1688 geaiearid and 8 


nore soni-grid than thas of today. 
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In Gujarat and Rajasthan regional studies on 
guuvial morphology in relation to archaeology were made 


py Zeuner ( DEB و(‎ Lele ( 1972 و(‎ and Hegde ( 1976 ). 


a 


jeuner's work ( 1950.) in the Sabarmati, Mahi 
and Narmada river valleys ( Gujarat ) was concentrated 
mainly on the study of alluvial soils and sediments and 
coastal sand dunes. He put forward the hypothesis of 
| increased aridity in this region fron middle Pleistocene 
to Recent times. Lele's observations ( 1972 ) in the 
Bhadar valley, on the other hand, are based on a combined 
study of the geomorphology, climate, archaeology and 


historical evidences. He concluded that the evidence does 


جو رر و رست وت ژ Tee‏ 


not indicate a marked change in the climate during the 
late Quaternary, es it could have been somewhat wetter 
than today. On the basis of observations in parts of 
Rajasthan, Gujarat and Saurashtra. Allehia, Hegde and 
Goudie ( Hegde, 1976 ) postulated that the closing phase 


of the Pleistocene was more arid than today, followed 
by a slightly wetter phase during the Microlithic period 


and later again by a drier phase. This suggests marked 


changes in the climate during the Late Quaternary period. 


Against this packground the writer selected the 


Hiran valley where archaeological potential in relation to 


nad already been pointed out 


the Quaternary history 


( Govindan ۷ 1915 ). However; the observations were 
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n 
not restricted to the Hiran valley only but were also 
extended to the adjacent regions, 


Since the discussion in this chapter involves 
various terms used in field and laboratory studies, the 
relevant terms are explained before desoribing the various 
Quaternary sections from the Hiran valley and other 
Localities. 


3 
The term ' gravel t is generally used to 
decoribo all seni-consolidatea to fairly well consolidated 
rock articles coarser than sand ( i.e. > 2 um ) and the 
torn ‘conglomerate’ has been used for those gravels which 
are hard owing to cementation and which cannot be easily 
broken with a hammer. Textures ia gravels refer to grade 
oz gigg of particles constituting a particular sedinent. 


1 1 21087 
Individual particle sizes are defined as follows ) 5 


1372 (۰ 
Gravels 2 ma to 4 nn 
Pebbles 4 ma to 64 no 
Cobbles 64 nn to 256 mm 
Boulders 7 256 nn. 
The textural deseription of 8 gravel in the field 


etermining the approximate percentage 
g and gravel. They have been 


has been arrived at by d 


of boulders, cobbless pobble 


۴ ل‎ vel' 
classed ag 'bouldery £ravol'. pebbly "xc c, 
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indicating that their prodoninant constituents are 


poulderss pebbles and sand, Respectively, A 'Sandy pebbly 


grave" refers to gravel with almost equal BLU O of 
gana and pebbles. 


In the case of finer sanples ( <2 mn) the 
toxtural class of sediment is defined after determining 
وزع‎ relative proportions of coarse sand, fine sand, silt 
and clay fractions by mechanical analysio or grain size 
distribution. Terms Such as * silty sand' or ‘sandy silt’ 

aro self explanatory but terms such as ' silty clayey 
cand! refer to sand with a sufficient aduixture of oilt 
and elay. Sand, silt and clay refer only to physical size 
and ia goneral the word ' silt’ hag been consonly used to 
designate all sedinents finer than 2 am and of nized 


calibration. 


40 egnaoa eras cuca as calcareous , 


7 


1 "snum have Deva used as 
caliche, colluviun aud ailuviua nave 30€ 


pri ia 
follows 3 ealiche resers to 3-08 vandg oecuszrzing 


i zaterial washed 
sedinents aad soils. Jolluviun deses ives naterial wa 


3808 r ۰ wit is 
^ 7 Pann Jal Ley 3 208٤0 ed 209 DY REL 3 
oa to a zlood plain frou YE 


ingsing iuyiun refers 
sheot iloodia; oF bar ouga تن وون‎ 08 ting. Alluyiaa3 
DL WG 7 5 


= 4. 238922 At 
to naterial transported anialy by the streau ^v ٠ 


to cover 
tines, however, this ter has also been used all 
9 = 


the fluvial deposits laid down in a valley either by 


ginajze. | 
transverse or by longitudinal drainage. | 


E 
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In she succeding pages, a general description of 
ہیں‎ fluviol, narine and coastal formations in relation to 
yallay morphology, chronology, palacoenvironmatt and 
archaeology are given. Tho sections described wore 
ozanined during the course of various field seasons (1972, 
1914, 1975 and 1976 ). The valleys of rivers Hiran, 
saraswati, Shingoda a ad Tonaskhi ( Siet. Junagadh), part 
of the Bhadar, a tributary of the Aji i.e. Lalpari (Dist. 
Rajkot ), Nalubhar ( Dist. Shavnegar ) and the adjacent 


goastal regions were surveyed ( 315. ۷٥ 


A, 2ISLD 03820117125 
| 311۸8۸001 7 
HMAT VALLSE 


l. 72174 
a? Mann ond Carapuati 


ag mee pt کج‎ insi m 
| "Mo area of comiluence o- 2 
|| -> >à کس ےا‎ 
| ; 4s Ini Tonk. The section 
| TOT vion gea ig OR 39 E E 
معط وى‎ at 5 ۰ ya i3 
| with the Arabian 3g ie 
| 1 2 Tiras niyer aad 0 ide 
m -4 ool 5r Ql - Vad 29v 
ozpogeë on vie Fi ves 
a S. ne * 
ia (0s. 17 ) 48 as follows 5 
p a ne tha IE $ODpLO ا‎ 
“a چرم‎ arean Aat عله‎ Wants a 4+ 


Lg a 
anig section comprises 


j f ly resting on 
4/4 j* calcareous sandy pil disconfornab+y i 
سپا‎ A 2 E 5 me 1300 y 
the nillolito, which 1s about 25 n thick and horiszontall 
g niliolito, trap an 
lazinated. Ihe sand particles are 0 
مو وہ‎ 


٠ E are 888 6 
* Solouga of she si colours are of air dried samples. 
a V 


Soil Colour Chart. 


CC-0. In Public Domain. UP State Museum, Hazratganj. Lucknow- 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


^ 


4ء 
quarta in order of their predominance, the top surface of‏ 
tno silt hao weathered toa brown ( 7.5 YR 6/4 ) gotl,‏ 
gb gut 0.5 m thick, 4 modern dune reste unconformably on‏ 
she brown soil. The dune material consists of blown beach‏ 
gand and ghall fragments, well gorted and dominated by‏ 
pounded quartz grains.‏ 


2, Indian Rayon Factory 
AS interesting section ( Tiga 18 ) was observed 


near the Indian Rayoa Factory, 0.5 Em. from Veraval and 


Also. 


about 2 


In this section, tuo millolite fornations are 
separated by reddish brown (5 Yn 5/6 ) calcarous clay 
about 0.5 m thick. Zach formation is about 1.5 m thick, 
hard and gompact, siolag satercalations with 15-20 ca 
thie fine and coarser syained lantaaticas. A sinilar 


p niliolite and a 
calsargous clay overiics the uppe 


& 
© 


: -¬ disconfornably of 、 
miliolite dune ( agolianite ) reste ài 


la ~gegnaped planar 
clay. The consolidated dune ghoys wedge~s- 
Qj Mee 


out 30° 一 359 c The 
dv anglo of about 2v 
stragigieation with dipping ame 


od ve لت مون‎ in the form of a 


nega of the sbsgerved section is 
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لے‎ A Bridge Near Patan 


About 6 km inland and 8 m ASD, near a bridge 
on the Eiran river on Veraval-fodinar road, the FOROR 
section was observed ( Pig. 19 ), 


An uungortod, heterogenous, pebbly sandy gravel 
gith miliclite petioles and sand particles as the dominant 
fraction ( miliolite : trap, 7:3 ) rests unconformably 
on the miliolite. The gravel grades into pale brown (10 YR 
6/3 ) calcerous gand whieh further grades iato light brown 


) 10 Ya 6/6 ) ealeerous silt, capped by a surface soil. 


Aroyster bed ( about 1 n thick ) rests 
a@isconforuably on the miliolite formation and it is dico 
exposed in the rivor bead about 6 kn inland and 8 m ASI. 
Tyo variotioo of zollus05 > Srossoatrea and Lonka have 

boca identified. Shey have been dated oy ج24‎ method to 
21450 * " 3.2, ( Agarsal, 1916 ). At present, these 
oysters occur withia the £idgl rango. A sinilar oyster ved 


» bank of the Surya 
has also been exposed on the opposite 


ag Patan. 
tole, on she Miran river at Prabhas 7ate 


4. Govindosra 


& geli-cection 8 abserved on the rights bank 


a village 
of the Hiran river, 9 52 ron the coagt, in 


Govindpara ( Tig. 18 )， 
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About 5 m thick, hard, compact niliolito reats 


anconformably on the Gaj beds and is overlain disconfornably 


py a reddish brown ( 2,5 YR 5/4 ) caloeroug E grading 
into a miliolite ( about 1 m thick ). 


5, 9 Li Dan 86 
An interesting section was observed ( Pig. 20 ) 
at Unrethi daa site, on the left bank of the Hiran river, 
20 kn inland from the coast and & m ANSL, A trench about 
| 500 n long and 20 n deep was dug for the construction of 


a dau, She composite stratigraphy based on observations 
nc 


made at this site and in the wells fron nearby area is as 


follows t 


At the base lios the Deccan Trap basalt. This 
Ms EJ 
ig uncongornably overlain by a 2 n thick stratum OZ 


on 5 Aan > th H UAE 
: channel gravel, heterogeneous, ungorted with oubrounded 


ži 


13 aloiun 
0020201093, dorately consolidated and coneated vith calci 


۱ £ 886ھ‎ 
carbonate, She gravel io cunpesed mainly of M 


t4 14 t onlog are 
pobbles, saad particles 4 quarts. 1111151158 peonlo 


2 miliglite aravel particles 
completely absent, but very few ا سو‎ 


: a $1 m 3 hich 
; anpor portion of the gravei, Ws 
are regent only in the upper por» 


st, + vout 
grades into a nillolite ERE O ie m 


4 . ^ v $ 1 
20 n thick, well eoagolidated, compact’ and intercalated 


in the lower portion and by thia 
5 n thick ) in the upper 


by fluvial sands and silte 
chalky lenticular bands ( about O. 


portion of the sectione 
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fhe river hag cut 155 present channel through 


thie niliolite ( designated as MI ) ana has subsequently 
deposited a thin ( about 3 n ) reddish brown ( 5 yn 6/3) 
alluviun against the niliolite = I, The niliolite (H-T) 
shows cross stratification with dipping angle about 

209 = 309; wedge-shaped Planar cross stratification is also 
visible at certain places. A slump structure ( pl. III) 
aud minor fractures (7) were observed in the top portion 


of tho miliolite at the Unrethi dan site. 


At village Ghusia, 0.5 km 32 of Unrethi another 
miliolite section ( designated as S-II, about 1.5 n thick) 
is found to rest disconfornably on the alluvial fill. The 
Later miliolite ) M~II ) shows intoroalations of fine and 


ecarse grained laminations ( each lamina is about 10 = 15 en 


vonatai trench at Jarethi ( 21. III )‏ ال 
In the 6909‏ 


de 


three unrolled Lower 2olacolithic tools © discovered 
۹ m ` 
by the writer duriag field work ia April, 1975. They were 
th 
excavated fron a buried channel gravel at a depth of 24 n 


below the surface. 
9, Talala 
on the left bank of the Hiran river, 25 ka fron 


the coast and 84.64 m AUS, at falala the following section 


was observed ( Pig. 21) 
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Eo trench at Umrethi dam site.Lower 
E lithic tools occur below the valley 
111 (M1 5m thick). 


Gradational contact 
between valley fill 
. miliolite and impleme- 
ntiferous gravel. 


Slump structure(?) 
in the miliolite. 


AM ihe ! | 
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A reddish brown ( 5 yu 5/4 ( £luvial clay m. 


m thick rests unconfornadly on tho Trap and is overlain‏ وين 
digoonformably by a hard, compact and 2 m thick layer of‏ 
pniliolito. This miliolite is covered by 1 n thick blaok‏ 
poil ( 2,5 YR 32/ ).‏ 


71. sangodra 

i At Sangodra, on the left bank of the river Hiran, 
g2 ka fron the coast and 105 n AUSL, the section observed 
( Pige 21 ) do as follows : 


Weathering of the miliolite has given rise to A 
honey-comb=type appearance, A niliolite formation, about 
1 a thick rests unconformably on the Deccan Trap. The 
river has cut its valley 13 Trap and has deposited 
yellowish red ( 5 M 5/5 ), unsorted, heterogeneous, 
silty sand overlying disconformably on bhe Deccan Trape 
Nhe weathering of the surface of silty sand has given 


rise to surface soil. 


A bouldery, peddoiy conglomerate ( about 0.5 a 


thick ) is exposed 0.70 a above -the nod 
gion is 2.9 Ln. me boulders and pebbles. 


era river bed and 


its lateral exten 


a seneous. The 
are of trap, rounded to cubrounded ani 5 


nate. 
hole is conented with ealeiun 0 
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| The Saraswati river originates in the Gir ranges 
g kn east of Talala, near Rasulpara village ( 105 m ANSE ) 
| and flows for a course of 22 km, It meets tho Hiran river 
ظ‎ and ultinately flows to the Arabian sea at Triveni near 

prabhas Patan, The sections are denoribed in serial order‏ ظ 
eron the coast inland ( Mg. 22 (۰‏ | 


1, Badalpur 
On the right bank of the river Saraswati, about 


| 5 ka fron the coast and 12 n AI, the following 2 


was observed ( Tig. 22 (۰‏ ظ 


A reddish brown ( 5 YR 5/4 ( sandy pebbly gravel 
ظ‎ ( about 2 thick ( disconformably resto on niliolite 
( designated as SI ). the gravel consists of subrounded 
pebbles of a vasalt, dolerite and miliolite. It is poorly 
stratified, heterogenccus axi aoderately conented with 
caleiuun carbonate, à few 110315 Palaeolithic scrapers on 
basalt were recevered tron thio gravel ( Lele, E 
the gravel is 01 وت‎ d by i s 80 E 
( pi. IT ( about 1 m (hi NN 24390 1400 
( Agarwal, 1274 ) on arnssontred and hopha shells, is 
und at Pavan bridge. 


identical with that of Oye ers £o 
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2, 9 kun North of Badalpur 


At thie site, a reddish brown (7.5 YE 4/4 ) 
sandy pobbly gravel ( about 2 m thick ) rests disconfornably 
on miliolite ( designated es H-I ), The gravel comprising 
guorounded pebbles of basalt, dolerite and mildolite 6 
poorly stratified, heterogencous and moderately cemented 
vith caleiun carbonate. The later niliolite formation 
(aout 1 ® thick, designated as WII ) rests unconformably 
on thie gravel ( Pl. IF ). This niliolite ( H-II) shous 
intercalations of fine and coarse grained Laminations. It 
algo shows a gradation of the grain siza ia the niliolito 
( HII ) fron gravelly to fine and becones finer away 


frou the river bed. 


It is clearly revealed fron the sections observed 
جب اج‎ he 
around 3adalpur that as we nove away iron the coast, t 
tidal clays ate replaced by gravels and the oyever beds by 
- RUIN ET oe ا یا‎ 


tho ailiolite ( H-II (٠ 


3. G75 ka Northeeast of Badalpur aa : E. 
pa nen 
Tho Zollowilas section ( Tige 22) observe 
S عق‎ o 
: 5 km north-east of 


right bank of she river saraswati, 5 
Badalaur. 

( 5 ya 5/4 ) olay rests 

(io هو‎ 6/4 ( silty clay 


A reddieh brown 


conzormably on yellowish brown 
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ster bed overlying the channel gravel. 
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luvial gravel overlying the 
alcareous tidal clay. 


Thin miliolite overlying the 
fluvial gravel. 
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Uanay Bilt and capped by surface noil, 


About 1.5 ku upstream of Badalpur and at a 


he 


pridge to Sutrapada on the Saraswati river the following 
gootion was observed ( Pag. 22 ). 


Black ( 5 YR 2/1 ) sandy clay reste confornably 
on the yellowish brown ( 10 YR 6/4 ) clay. The black 
colour of the candy olay is due to organic natter., The 
eandy clay is overlain by silty sand about 3 n thick and نا‎ 


has, مر‎ 4oristic features of a dune. 


This section indicates a Gwen transgressive 


phase contemporary with the oyster bed and 211101156 «II. 


eu HES TAR 


1 T 
Ohorwar io oa the west coast of Saurashtra. The 
Mew 


) was observed in a stone 


following sectiong ( Pigs 23 Ner 


3.5 2 
quarry 0.5 ka west of Chorwar Holiday Camp and 3。 


coarsengrained shelly rook 
a 0:3835 ( Verma and 
compact, coarse=graincd 


A uellecongolidated 5 


Ghia) 
formation, designated 8 the Chhay 


hard 
fathur, 1976 (١ 6 iato a , 


or 
ton ( about 2.5 ® ehiok ) and is used f 


The percontaBe of shells and the groin 
this formation seons to 
and milii - IL ا‎ 


Tockelixe format 
building purposete 
size decreases from d 


be contenporary with 


otton to top. 
the oyster bed 
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The field observations at Junagadh include i 


1, the gegion 12 km south-east of Junagadh i.0. Junagadhe 
-Dungarpur area and Dungarpur proper, 

2, A distance of about 15 kn south-west of Junagadh 4.e, - 
JunagadheShapur region, 


3, The Sonarkhi river gad Adi Chadi Wao, 


1. Junagadh-oungarpar Region 

Junagadh lies 66 ka inland fron the nearest coast 
and 82 u AMSL while Dungarpur is 12 kn south-east of 
Junagadh and 94 m AMEL. Thus, there ip a gradient of 
la / 1 km in this region. The niiiolite formations have 
0)0 at theifoot hills as obstruction dunes. The 
thickness varies from 8 n ) near Police Training College ) 
to 35 n ( at Duagarpur ). They are steeply bedded with a 
dip angle of 15? ( at Junagadh ) to 359 ( at Dungarpur ) 
ons, WS, S4, ولا‎ NWN, and E Tho 


( 21. Y ) with dip directi lv 
oui 
niliolite rests uncoaformably either 07 yell 


the 
orm 5/8 ) silt ( as at Dungarpur quarry ) OF 95 


: T llego ۴ 
Deccan Trap ( as near the Police raining Colles 


2. Junagadh-Shapur Region diis RORIS 
pade à anc 

TI orvationg Were 

These obs : 3 | 


5 Junagadh i S 
15 kn shuthwest of Junagadh 36 n کی‎ Thus č — 


unagadh 4 = 
Shapur is 11 ku southwest of aneda apu xs 
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gnere 19 a very steep gradient of about 4 m/km in thi 
1 8 


area, Three interesting sections have been obge (ns 
rved * 


24). 
(m. V) 


A well section was observed 5 kn 6 


V of Junagadh. 
A thick, compact, hard miliolite 9 m thick 


) 8 
as Hel ) reste unconfornably on the hetorogeneous,uusorted, 


pouldery pebbly gravel. The gravel io composed of 
gubrounded boulders and pebbles of the Deccan Trap and 
noderately consolidated with caleiun carbonate. Tho 
niliolite ( UeI ) صا‎ overlain by poorly sorted, 
reterozenecus, yellowish red ( 5 m 5/6 ) gravelly clay. 
The gravelly clay is rich in miliolite gravel, pebbles and 
biceks. This gravelly clay is disconformably overlain by a 
zontly bedaca niliolite formation ( designated as H-II), 
3 n thick and is covered by a 0.5 n thick surface coil. A 


cleaver was recovered from the gurfaco soil. 


other wollesection observed was at 5.2 im 
fron Junagadh. A hard, conpaot, miliolite ( I ( 8 m 
thick ( above the water level in this well ) ia 
disconforuably overlain Oy reddish browa g 2.5 W 5/4 و(‎ 
uaisortod, heteragenouus, calcareous sandy olay. The sand 
١ niliolito and Deccan Trap. The 


Particles ara of quartz 


Bandy clay is overlain by the other miliolite formation 


niliolite ( N-I ) is cross 
well laminated 


( designated as H-II J, the 
bedded with a dip of 159 EES 27 


( each lamina is about 1 2 +8 7٤+ 
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An interesting section Was observed near a bridge 
6.5 ka fron Junagadh on the Junagedh—shapur road on the left 
pank of tho Ojat river, The river is flowing on the 
gilioliteo, ( Fig. 26 ) ( PL. v.). 


A brown ( 7.5 YR 5/6 ) eilt, 2 m thick, rests 
unconfornably on the niliolite ( designated as HeI ).A few 
longes of gravelly sand are common in this silt. The gravelly 
canà is cosposed of quarts, nillolite and Deccan Trap. The 
prown glt is disconformably overlain by the niliolite 
( designated as H-II ). This miliolite is 3 m thick and. 
gently bedded. Ite weathered surface has given rise to 


gurface soll 0.5 m thick, 


3, The Sonarkhi river and Adi Chadi Yao. 
A gection gas observed on the right dank of river 
conarkhi, 3 ka north of Junagadh, at Joshipura ( Mg. 25 ) 


vi v 
A keterogen10Qu8, unsorted bouldery peobly gravel 
Th d 
(2m thick ) rests uncoaformably on Decean fran. The sandy 
gravel is of quartz and Deccan Trap, 8 bedded and 
with calciun carbonato. A hard, 


rests disconfornably 


nederately consolidated 


Compact, bedded miliolite ) 2 ® thick و(‎ 


: ith 
on the gravol. Tho ailioilte formation ie interbedded ¥ 


al gravels in the lower part. Tho 


large pebbles aad fluvi | 
g into pure fluviomarine and اا‎ 


niliolite gradually passe 
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pivinately into aeolian facies towards Adi Ohaad Wao. 


The section exposed in the Sonarkhi river clearly 
represents a tranegresolve phase of the pen, A handaxe was 
pecontiy recovered ( by R. Korisettar during March 1977 - 
field work.) fron the pre-miliolite fen-gravel exposed on 
the right bank of river Sonarkhi, 


A well bas been dug about 1425 A.D. in the 
niliolite formation at the base of the Junagadh hills 
( 90 m AUS ) and io known ae Adi Chadi Yao ( 21.971 ). 
pno 511101156 formation has formed as an obstruction dune 


againot the 8 of Junagadh hills ( Gir ranges ). 


A conpact, hard finely cross bedded miliolite 
formation with a dip angle 20° = 22° and 36 m thick rests 


E fmm 1 和 n 
uncoaformably oa a bouldery gravel. The gravel is 205 


FERT : ated with subrounded 
this, unsorted, heterogeneous and como 


s a 
boulderg and pebbles) of 22 DADs 


single: — an: ensi gag recovered fron 


5 
thia bacal boulder? "Bra aver by the writer guriag April 19S 


~ field work. 


107 4 آ00 
JPR‏ 
n the ۷۵8 0 bank of the‏ 


Jetpur is gituated 0 wc. 
Jüadar river 96 ku fron the coast and 57.9 ere 
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gestion was first observed by Sankalia ( 1964 ) and later 
py Lele ( 1972 ) and re-exaninod by the writer in 1976. | 


Zhe alluvial terrace is 10 = 12 m high and? 
extends laterally for about 1 km on either bank of the 
ptrean, Tho sections on tho right ani left bank of the 
sivor are similar, which is an uncommon feature in the 
upper reaches of the Shadar. The section exposed on the 
loft bank downstream of rall-cun-road bridge on the Bhadar 
ig as follows ( Pl. VII ). | 


fhe river hac cut its valley through the niliolite 
and han deposited Quaternary sediments on the niliolite 


formation. 


Yellowish brown 10 Y? 6/4 ) calcareous sandy 


$ 9 513 1 level 
silt l m thick rests uunconformaoly oa basalt at a 


3 
o2 about 1 n fron the bed of the etrean. Thig ig discoaforzab 


Uu 
overlain by a sandy pebbly gravel about 2 m thick, The 


gravel is well cemented and cross-bodded, Cross bedding is 


o 
mostly of planar type viin foreset dipping of about 8 
avel 

ia the downstream direction of tho stream, The Qr 
ubzounded pebbles of basalt, 


dolerite, niliolite and 


sorted and predosinated by 8 
Chalcedony, chert, rhyolite, 
quartz. 

e Palaeolithio tools were recovered 
( Lele, 1972 )， fna graves js 


A few Hdd} 
stratified 4n this gravel 
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conformably overlain by brown ( 7,5 yy 5/4 ) calcareous 
17ء‎ pang about 2 m thiok with crude stratification, 


mig eiliy cand is further overlain ty a reddish brown 

(5 Yn 6/4 ) marly silty clay about 15 om thick and 1s 
üisconformably covered by well conented, oross=bedded 
pebbly sandy gravel ( about 4 m thick ), the pets 
composition of this gravel is sinilar to the lower sandy 
pebbly gravel, This gravel bas also yielded a feu Middle 
Palacolithic tools. The gravel is overlain by a thin band 
of yellowish brown (io Ya 6/4 ) calcareous silty sand 
about L m thick which is further capped by 2 m thick sandy 
gravel, The gravel ioc roso bedded, fairly well sorted 
and cemented with ‘caleiun carbonate. Lithologically, 
chalcedony 2655165 predominate, A fou Middle Palaeolithic 


artifacts were found in this gravel. 


fhe gravel is digconformzably overlaia by the 


4 + 
horizontaliy bedded, hard, conpact, 1.5 m thick niliolite 


^ em 7 4 the XL at Jetpur 8ء‎ 
formation, lne deposition ia the Madar : 


> 


< ry 
for 300 to 800 3 woatrean and doungtrean of Jetpur. ~he 


a 1 fon could 
niliolite formation ocourriag at this sect 


probably ve equated with she second phase of niliolite 


liolite was not reported by the 
valley nillolite in relation 


formation ( M=II ). The mi 
earlier scholars. In the 3hadar E 

ve 
with the iuplenentiferouP gravel has been obser 


first time by the writer. 
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HAVAGAM 


A Beotlon wae observed on the left bank of the 


river Lalpari a tributari of Aji, near Navagan villege 
لأ‎ 
a bridge 5 km from Rajkot on the RajkoteChotila road : 


( Pige 27 ) 《 Pl. VII ), 


A gravel ( about 2 m thick ) with boulders and 
pebbles of trap reete on basalt, It is poorly sorted, 
netorogencous, subangular and well consolidated with 
calcium carbonate cement and de interbedded with a 
niliolite-rich sandy bed. A chert flake wes recovered fron 
this gravel. iddle Palaeolithic artifacts from the sane 
deposit, have already been mentioned ( K.T., Hegde ep.c.). 


The gravel grades into a highly calcareous 
yellovion brown ( 10 Y3 5/6 ) shelly, silty sand about 
2m thick with interdedding of gravel and )ھ7‎ 21022004226 
bands. the niliolite-llzo formation 1s composed of shells, 
shell fragments, locally derivee trap sand and angular 

to cubangular gravel. the top is overlaia by 0.5 n of 


curfaes coil, 


0307254 | 
i»erg ( 380 a AUSD ) 


urface at an elevation 


Chotila, a trappeas inse 


occurs on a nediplaned erosional 8 je 
Phe Chotila hills fora one 9 


en the southerly and northerly 


do mtm 


9f about 160 m ANSI, 
highest water divides ۹9 
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ء10٥5‎ etreame. A scree fan extends fron the middle of 


sho stove of the hill towards the basal plain, The 
gocurrence of niliolite is an obstruction dune, The 
piliolito-like deposit occurs only on the south-west face 
of the bill slope. ( Pl, VII ). This deposit cannot, in 
the true B0350, bo called a níliolito formation. T$ 
cocurs only as thin patches ( about 0,5 m thick ) and 
contains a considerable anuount of scree material | 


ingermixed with wiad blowa material, 


BAMATS ORE 
Bananbore Lies on the left bank of the river 
Vachhu, 25 kn west of Chotila and 184 m AUSL. The site 
A 
ig situated ia valley-liko depression flanked by dissected 


入 


hills. In all the 3 amd hollows of these hills 


iopogit one 
there ave extensive acolian doposito ( Pl. VII ) ands 


7 8 
of then are thick enough to reveal the typical dun 


۱ ; aq stratification ). 
features ( like beddiag and cross 8 


AT DISTRICT 


SEIIGIDA VALLEY 
ودج‎ Shingoda giver rises 1 


320 m AS ( gad flows fo 
۱ Hul-Dwarka. 


8 the central part of 
y a distance of 
the Gir ranges ( 


gea at 
about 71 ku and necte the Arabian 


b. $m‏ اوہ جال 
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0ء 
Je Mul ow Duarka‏ 


On the right bank of river Shingoda, 1,5 km fron 


tne coast and 3 n ASD, near HuleDrawka the Sone 
goction ۵8 observed ( Pig. 28 ), 


A dune ( about 2 m thiok ( composed of homogeneous, 
1و‎ 1-8 03: ted anû rounded sand particles of quartz, trap, 
miliolite and shell fragnents, reste uncorfornably on 
consolidated beach cand. The beach sand predoninantly 
eouprises of shell fragnents, trap and niliolite sand. It 
ig well cemented with caloius carbonate and horizontally 


bedded: 


The following section was observed ( Pig. 28 ) 
oa the right bank of the Uhiagoda river, 3.5 km fron 


the coast and about 3 n ATSL at Ohavaaeni-inan. 


gapreceat alluviua is underlain by a beach 


: syd dip 
gravel, about 6 m $nioz, finely bedded with a 


f d 11 نا0‎ 1 sand and 
5° - 2 io rich in nilioliie and trap P 


golidated with 
he reddish 


It is very well con 
e disconforznably on t 
calarcoug tidal clay ( about 


Shell fragz3onts. 
calcitic conont. I$ rest 
gray ( 5 Ya 5/2 ) variegate 
2m thick.) 


کا کس کر ae oe‏ 


b^ d 
1 ^ 
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NEAR COAST AT MUL -OWARKA 
OW SHINGODA RIVER 
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2ء 
fear Kodinar‏ 3 
A section was observed ( Pig, 29 ) on the left‏ 


panle of tho river Shingoda, about 0,5 km downstream of 
٢ط‎ and about Û m ASSL. 


A black ( 5 YR 2/1 ) buried poil, 1.5 n thick, 
showing typical crunb structure has formed on the yellowish 
pronn ( 10 8 5/8 J finely laminated sandy silt end there 
ig a slight &ácvelopment of nodular carbonate at the base of 
the profile. The buried goil is overlain by reddish 2 
(5Y3 5 /4 ) lesa Eanzary silty sand and is capped by the 
guriaco soil. The downstreon extension of the buried soil | 


ia about 1.5 Em. 


4. 5 ka upotrean of Kodinar 
Tao gections were observed on the right dank of 


1 ; 1 grean of Zodinar, 
river Shingoda, 5 ka aad 10 ka 58 


na nan of the riTOr. 
2 hs 1 » FM r ج‎ oa i8 ago paws ĝi 
respectively. vella save 7893 dug 


8 ho characters 
3xeept for the variation ia Weir thickness v 
- ay d x ~ 


and 
' tiong are sane 
of the formations ia these two 08 


eacribed together. 


therefore they aro d 


4olite formations aro clearly obgervod 


mo basal piliolito ( designated 88 — 
3 ( 168 upto water 


Sho two nil 
in these tuo scctiong. ; 
about 5 m thick, 


Bas : anact 
H-I ) is hard, compacts rgably overlain by brows 


i 6 
Level in the wells ) 3% aiscoat 


ing i 
ty olay, Vary 
(7.5 YR 5/6 ) silty jm (da the second wedl ): 


n thickness frou 0.5 n و‎ 


(in tho first well ) tO 


e eia 
EP 
E dr 
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The niliolito on the top ( designated ag 7سلا‎ ) 


48 about 15 m thick, more sandy and finely laminated 
( each lamina about 1.2 om thick ), 


The surface of this 
qiliolite “as weathered to fora surface goil, 


5۰ Shingoda 5 Site 


About 30 kn NS of Kodinar and about 83 m AUSL 
near Jauwala village at the Shingoda Dan Site, tho following 
section was observed ( Fig. 30 ) ( Pl, VIII ). A trench 
of about 390 m long and 35 n deep was dug as a Cut—OfieTrench . 


(002 ) at thia site. 


A channel gravel, varying in thickness from 2 to 


15 m, heterogeneous with eubrounded cobbles and pebbles of 


basalt, unsorted and moderately consolidated with calcium 


A 7 de wae: Wits a ine ecdad irap. 
Carbonate cement 0 wacoarornaosy Ou» 
the miliolite 


"oro erlaia 5j 
Tho gravel is disconforzably ove lała by 
5 m in shickness). 


intercalated layers thr 


“nin { abouts 0.5 ® ) 
formation ( 4 to 
gugnout the 
haliky baada occur 8 


niliolite formatios. 


UJA | 
uthora coast of Sguragntra 
n in and around Jna. Hoet 


5 à Q. 
Peninsula, Dunes are very O99? 


of them are consolidated 828 of 
ne sites they Pav 


erial photocrap 


Una ig on the DO 


ne barokan aad parabolic 
و‎ attained a crest 
hg they are obeerved p. 


type ( 51, IX ). At 89 
height of 20 = 21 m 12 8 
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SHINGODA VALLEY 


fey conglomerate overlying the 
“٦ clay near Kodinar. 


ES‏ را 
Miliolite overlying the,‏ 
fluvial gravel at Shingoda‏ 


dam site,Jamwala 221 
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go have a distinct alignment and three distinct lines of 
dunes can be sean Sce 20 En inland and about 30 m 
AiiSl, The different types observed are barchan, parabote, 
Longitudinal and coalesced barchan dune, Petrologically, 
they are similar ia composition to the pelletoid variety 
of miliolite formations, Owing to their pureness the inlani 
miliolites are being quarried ( as at a Desar Quarry ) 

( Pl, IX ) used for building purpose, Breaks in 
gedinentation such as, buried soils or cone dunes have 
not been observed in this area. In fact, these dunes can 
be classed 8 typical aeolianites, The contenporary 
coastal counterparts at Gopnath, Veraval, Sonnath are of 
Longitudinal or ین‎ type and ocour 86 8 series of 
parallel foras all “along the coast. Intercalations of 
xankar horizons aad tidal clays are quite comzon. A few 
niíicroliths were collected 28 the top of tho dune near 
Desar village. This confírng 8 earlier findings of 


Goudie, Hegde and Allonin ) 1973 ). 


DIV 
thern coast of Saurashtra 


e of aeolianite passing 


Diu is on tho sou 


peninsula, The elassical exanpl 


gerved here. The whole 


dune clearly suggesting 
sland fossil coastal 
: pm hase of the ten. The 


the regressive P 
ite formation during at Delvada anû Diu were observeds 
s at Del 


b 
below the prosent 598 Level is © 


sections and profile 
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qho entire coastal sequence ¢ i 
oula be seon at 

these sites, 

76 


anding above 


At present 
nilłolite formations are found exposed quite far iat : is 
o t 


goa and partly exposed at low tide Levels 


pho wave cub terraces with olear.out notor 
^08 pt 


tho present high tide level were observed 


The aeolianites/ 
dunes were found in 8 Quarry 10 below the sea level on 


tne island of Diu whieh is itself a huge consolidated 
aeolianite. This dune shows typical orons-ctratification 
with a dipping angle 309 æ 36°, In between, wedge-shaped 
planar crosc-stratiiication is observed. Cross bedding 
( cach Lanina about 20 on thick ) is consistent all along 


the crost of the dune. 


QHAVUAGAR DISTRICT 


1. JASDUSA 
An oxtensive outcrop of agate conglonsrate 8 


obsorvoü at ths coast neor the village of Jaspura (Pl. X و(‎ 


20 ku south of Bhavnagas. the agate conglonerato at 
ioned by Srivastava ( 1968 ) and 
The gaug was re-examined by the 


conglomerate is about £ 


daspura was first neat 
later by Lele ( 1272 ۰ 
weiter. the naxinua thickness 9f the 

on laterite. The laterite 


l3 a and it rests digconiornably 
The laterite 


on Deccan Trape 


in tuen rests unconformably M 
coast and 

occurs at an elevation of 8 to 10 m ANSEL on the ae 
extends about 2 km inland The agate ئا‎ 9 > LL 
| euent and E 

conented with siliceous Gnd ferruginous cee کے ہے‎ 
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8ء 


are subrounded Dooblos of‏ 8ء 
quarts, chert and‏ 


* Pre 
chalcedony. ?ragmentary pieces of woods occur interbedded 


in the conglomerate, The fossilg re ya 
Ty well preserved 


anû have a ferrugenous caloitio coating, these arife 


yooda have been discovered for the first tine by the writer 
* 


o, GOPHAPH 
fhe following observations were made 10 kn SE 


of Talaja on the coast near Gopnath. 


She miliclite is exposed all along the coast at 
Qopnath, The height of the uiliolite cliff varies from 20 
to 30 m ANSE. At low water level in the intertidal sone, 
deeply weathered rocks and subrecent littoral formations 


can be seen. The niliollte ie weathered and shows - 


A) EZargteLiie erosional forno ab the base. A 


waveecus cavo ( about 130 a lateral extension 


and 3 n ia height ) wag observed at 0.5 ka 
th of the Gognath-Light house. Earst 


caving is more responoibla than the wave 


evrogion for their formation, 


»e 8011 has formed on the top 


B) Jorra roca ثلا‎ 
liolito fcrnation. Moderna duaos have 


41 formation. 


of the ni 


developed o2 thig 60 
and conentation decreases upwards - 


C) The Janinatioa 


in the pedogenised part. 
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D) Dune and 51081 occur as interbodded 


layere in the niliolite formations, 


A laterite formation resting unconfornably on 

T peccan Trap was observed near village Unkar, 10 km 
goutheweet of Gopnath, Late Achewlian ( ovate and pushplane) 
arvigzacts ware recovered from the top of this latorite 
surface. Tho exact relationship betweea the laterite 


formation aad tho nillolite formation is not clear. 


3, SAGADHIALA 


~ 


one river Kalubhar rises in she gandav hills 
A 
( 209 m AUSL ) and flows for distance of 94,5 kn tili ii 


meets the Gulf of Canbay near Shavnagar. The river flows 


on the vedinlaned surface 40 n gigo near Sanadhiala and 


h yeğ کہ مر ہی‎ ou onal gite of 0۵ 
as preserved the osare- occupaticaal 9 

i H 
A few Ltaperestiag geetioas were observe. 


yer, 50 ka TIT of 


Palaeolithic ian. 
$ p 7 Ve T d ben F 4 w X $ 22 
oa the right baak of one galabnar 
€ wa. The conposite 
Shaynagar near Sanadhiala village: as 


stratigraphy is as follows : 


thick ) 
dread alluvial gravel ( about 2 2 


The cal 
Trap. Re gravel 


o (60031 


es gubrounded > rounded boulders, 
hort, It is 


" grap and € 
یں‎ aad gravel of basa acid me 
nd and pinkish gray ( 1.5 $ | ee 

ocsions (Ole), 


in the 8 
Clay, ‘herever the gravel 18 exposed pee. 


rests unconformably on và 


Predominantly conpris 


interbedded with sa 
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0ء 
a large nunver of Palaeolithic artifacts vere recovered‏ 
gron Lt fhe gravel is conformadly overlain by yellow‏ 
about 2,5 m thick (‏ ( 1125م grown ( 10 YR 6/4 ) Kankary‏ 
of golluvio-alluvial origin, The silt surface has Formed‏ 
a weathered poil horizon of about 0,5 n thick, A late‏ 


garappan ( about 40,00 B.C.) occupational mound occura 
on this silt deposit. 


la the field season of 1977 a channel occupation 


gito Oi Lato Acheulian character hag besa uncovered on 


the rights bank of the Zalubhar and has been dated to the 


early Upper Pleistocene on the basis of geomorphological 


etidence 《 Se Ohairabarty = Res) 


faa 


4. MALESIIARL ai ۴ 
or rises ia the Lonzta hills 


She "Ualesnwari riv 
ptance of 22 im md 


p 


near dalosbwar Jabadeo, glows for a ai 


drains into the Gulf of Canbay- 
kn 

n interesting section 8٤8 observed avout 24 
Hc ود‎ about 14 kn fron 


ADL 8: 
t and 12 2 ¢ : 
road, noar 68 ۸1+ 


me Maleshwart river 
out 125 2 thick ) : 
ovorlaia by greyi 


island fron she cuas 
Shavnagar on Bhavnag rar~talaja 
ene right bank of 
„g shalos ( a 
anda of gy PSUs 
à Tertiary olsys 


“he section on 
conprises ferrug ina 
interbedded with thia > 
(7.5 © BB), 11و‎ 


thick}, The Tertiary کسی‎ 
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à pebble congilonerate ( about 365 n thiol tha: eS 4 
| م‎ Grate 
ور‎ Eainiy composed of agate, Quartz, acid trap ang 


\gnatcedony pebbles. Ono Middle Palaeolithic artifact was 


from the conglonerate, It is capped by subrecent‏ وو 
alluvium ( 0,5 = l m thick ). The conglomerate extends 6 km‏ 


áowngtrean and has also been located at Adhewada village 
* 


On the basis of field studies in tho Hiran valley 
4t is apparent that there are atleast tuo cycles of 
sedineniation characterised by a fluvial facies at the base 
and by a Littoral facies oa the top, The sections exposed 
in the Saraswati valley near 3adalpur, in the Shingoda 
valley near Lodinar and in the Ojat valley near Junagadh 


and Shapur are extremely useful for understanding the nature 


of sedimentation during the ¢rangrespive phase of she ۱ 


A 1 s ah ¥ 
probably through ١ riaelixe ! valleys. On the ovnar ion 
zeg at Nul 


headlands aad promoniorios developed on aeoliani 


Duerka, Jiu and Veraval are suggestive of regression of 


i the 8چ‎ 
tho sen. Tt is ac yot not 00851018 io sd Di NE 


: & + the foothills 
of inland obstruction aeolian} ies found as 


of Junagadh and Chotila. 
uvreace of 15 n water fall at 3herala, 


The occ 
yer liran aad of the 


awh of the rt 
là im upstream fron she ouv? of, toa 


anconformably on the 
g 10 = 12 ka inland 
at an elevation of about 649 B Aust, ond magar, are 

walasbwari valley, asar AE le 


| Sertiary 8 
fluvial gravel rectias 


fron the coast in the 
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positive evidenses of recent rejuvenation in m 
cauraphóra. Besides, the well ani bore-hole data in the 
giran valley Bugg sost Lower bage lovel, by about 15 m 
auring the occupation of the area by Lower ?alaeolithio 
pan, That the base level of erosion was higher ( about 5 a) 
during the terminal phase of the Lowor Palacolithic stage; 
4s cuggestod oy the evidence at Sanadhiala, Artifacts 
founà Ln the stratified context at Junagadh, Unrethi and 
Sadalpug ia relation ta the littoral deposits have been 


Zound useful ia relative chronology of Stone Age industries. 


inat remains to oe uaderstood properly 1s tho 
exact Gistinction د42‎ littoral niliolite and 


eoatinental wind-olown niliolite as field characters by 


3 t ti ular 
ghengeeives ars 5 conpletely dGiagnoeite of ب0 ھ‎ 


HORE dogosisional eavironnoentg of 


P ج‎ SA ٩ al 
the niliolite Formation anû of tha various aliluvi 


: i gents were 
deposits, laboratory analysis o£ these sediac 
have been ineluded ia she next 


cavironuout. 7 


“rege atudles 


part of tnis chapter. 
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B. LASRATAY IDIVA 


gaat? SIZE ANALYSIS 


She analysis of grain sige distribution involves 
میں‎ process of grading particles, The method usod is the 
canplins method, accordiag to which partioles aro graded 
jato seven classes, ( Pottijoha, 1957 ) where individual 


grata sizes nro definod as follows : 


on 


Olay < 0,002 هه‎ 


3 8 0,002 to 0.056 na 
Sil; a Hedilua 0.005 te 0.02 ma 
¢ Coarse 0.02 to 0,06 on 


3 Pine 0.06 to 0.2 ma 


Sand 
JORIS J.2 to 20 21 


ae 


2 o 4 an 
Gravel: 2 t 
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ort bg iis JSTOR: 
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: 1 sey mr i 
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ct 


2 silip 
۲ init. 
no louer li 
Posaecuizoly. Ine finest grade clay bas 


g based 92 the fundanental 


g oi particles ( | 
the 6809 particle will 


ones ) and موہ‎ 8 ia 


“nig method i p 


conception of settling volocitle 
water, 
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graving off a neaburod annount of suepenaion in a 
groduatod pipette at standard tine intervale ( Piper 
$ 


1966 pp. 99 = T4 ). Fron these pamples the Concentrations 
of the various sedinent fractiong were 641 after 
evaporation, drying and finally weighing, A dispersion 
agent consisting of codluz hexanetaphosphate and sodium 
carbonate ic added to tha gasple; and accousited for, during 


£ho final wolghing of the samples, 

The resulta of the mechanical analysis of silt 
samples aro presented in table ll aad results of the 
grainsize gnalycis of niliolite sauples are preseated in 


table 12. 


The eunulabtive curve of percentage by weight (ga) 


azainst 2 rain size ( an ) is plotved cn penielog paper 
سیت و‎ tS p Ai 
ہے‎ “RN uu 7 ox wh 33 
( P456, 31, 22, 33 and 34 ( the study 18 siz 
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of gedizeat size 2 sazeters.) 
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1 


gonna and Kodinar in southern Saurashtra, Sanpleg wer 
e 


golleoted fron low tide region (a) anq high tide region 
(b) of the beach. In the case of dunes 8150, one sample 


from the base of the dune (a) anà one from tne crest of 


«ne dune (b) were collected, 


Each sample was dried and 8ءء‎ into nine grades. 
pifty grans of each sample was seived for 20 minutes using 
9.8.8. sieves of lO, 18, 36, 60, T2, 85 مه 200ن,‎ 200 mesh 
which closely approximates 0.5 intervals from about-2 ø 

to 4 f and finer. Although the use of 0.25 f intervals has 
been recommended, limited laboratory facilities precluded 
the adoption of this approach. Bach sample was weighed to 


an accuracy of 0.01 gm. 


Mie data thus obtained were used in plotting 


cumulative curve ( Fig. 25, 36, 37 and 58 ) from which 


four statistical parameters were calculated. 
sorting index, skewness and 


( table 13 and 14 ) 
( 1966 : 273 - 279 ). 


The mean size, 
kurtosis values were worked out 
according to Polk and "ard in King 


t 
1) The median or median diameter (1), is midpoin 


in the size distribution of gedinent. 
been 
2) The sorting coefficient ( So ) has 


e ula. 
Calculated according ٥ Tragk's form 
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5o 2 Q5 / à Where So a borting index 
Q5 =.75 $ quartile 
Qi = 25 4 quartile 


and Q 5 / 8 is a ratio of larger and pualler quartiles, 


5) The coefficient of -&eoneterical quartile 
grouncos ( Sy ) is determined by using the formula 


2hig indicates the degree of eymmotry of the size - 


distribution with respect to median, . 


4) Another coefficient which is usually 


calculated is kurtosis (X ) and is represented by a formul | 
E E B ghere Pan is percentile 90. 


2(2 atile 10. 
2(259* ^19) and By ie 8 


GRAVID SEAS ANALYSIS 
s iy on the 
Gravel shape analycis are basod nainly 


D 1964 Je 
methods described by 7 ( 


Index of Rounding ( 5 ) ressed a6 & percentage of 


is 629 
nüox of roundinó 5 
erences by visual exanination. 


SE 1 
have been detornined and bee f 
mean values of 5 ext 


6nooth convex circus’ 
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are distinguished;‏ 1008م 


Q =» 10 $ angular 
11 = 20 5 pubangular 
21 = 40 کر‎ subrounded 
4i ~ 60 > rounded 

> 60 $ well-rounded, 


The Goofiicleat of variation ( 61 ) of the 
indices of roundiag ( S ) has been calculated by using 


the formula 


where 6 is the standard‏ 6( 100 تہ 
ped‏ ي 


ean deviation. 


The coefiiciont of variation expresses the 
i ١ i vides the 
honojencity of the index of rounding and divides 


sedinens iato the following classes * 


Q = 25 % very homogeneous 
26 = 50 $ homogeneous 
51 = D heterogeneous 


"7 2 4 very heterogeneous 


Sliding Index à 
This is the ratio of عتمت‎ : 
esed 88 © percen 


port ٠ 


nun thickness to maxiaun 1 


age indicating 
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| Mi 
| The ratio < 50 4 indicates Gominance of olidin 


۲ notion, betueen 50 % and 60 # both Bllding and rolling 
1 notions and > 60 $ dominance of Tolling notion, The 
results of the gravel analysis are presented in table 3 


cnenioal Analysis 


Cnemical factors are also inportant in defining 

a given onvironsent, the important chemical constituents 

of 15 miliolive and 12 soil samples vere worked out. The 
standard nethods ( Champman and Pratt, 1961 ; Bear ( و(‎ 

1965 ) for chemical analysis were used and the percentage 
of the chemical constitueate such ag celoiun oxide ( 080 ). 
nagnesiun oxide ( 9 ), íron oxide ( Pe,0, و(‎ aluniaiun 

| | oxide ( A150 5 ) and cilicon di-oxide ( $10, ) vere 

| estimated from such nanple and the results of the analysic 
presented ia tables 16 and 17 aad fig. 40. 


3ifferential Theraal Analysis ( D34 ) 
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Quartz grains of about Q, 25 nn size were 
separated out fron the residue loft after hydrolysis of 
0168 ganples with dilute HCl. the grains were mounted 
and vacuus coated with aluminium or gold/palladium ana 
studied under SE ( Cambridge Streoscan S4 = 10 ). Several 


„paino were mounted on the stubs and scanned but o 
2 1 


apoge Wish better preserved features were photographed. 
نے ام ں‎ 


ouzh various laboratory techniques have beea 
Shougt 


c? 


3 only 934 teste that have holped ia 
establishins a littoral origin of the niliolite fornavion 
occurzin; T5 n ASD at Unretnl. Similarly chenical studies 
of various ablavial formavioung have been found to de 
asezul in estavbishias sha existence of seasonal 9821-14 


et 7 refs ü 
42 3 ET tn ف00 0022 0او‎ 
slinate in gouter Fab 


iu Aon TUS‏ ھ 
uriag the late Sug ternary.‏ 
s finer sedinenss and‏ 


a relatively 
rayslo seca sq provid 


1G 4 Mm 5 و و ہم‎ be wer sth: ne ) ji ea 
Di j32la8 رس‎ zy fir guide: we se ps 
eu : satiga Dil ايا ك‎ 1 20113 geu Lon 


一‏ ایدو مہہ سه 


1ncludes ia 
studies Rave poca Lncluuc- + 
si 


2? aronaoologieul 
-na 20.478 9+ arena 


- YD 
«he nox? onapsveze 


CC-0. In Public Domain. UP State Museum, Hazratganj. Luckno 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


CC-0. In Public Domain. UP State Museum, Hazratganj. Lucknow 


4m. Digitized by Sarayu Foundation Trust; Délhi-and.eGangotri 


”سے 


4 E 000 Se ^N 
PLATE:XIIT, | 
a 
| 人 
ا او‎ | 
Sample from Umrethi showing 'V's,slightly curved grooves and # | 


i j surface 
some irregular breakage areas. The depres E De o 
appears to have penetrated a number o 7 有 
Sone of the 'V's appear to have +00 y Ge 
eatures indicate subaqueous environment. 


200 CU. 


$ 
D 
$ 
: 
1 
8 
E 


3 a 8 
人 e subaque9us ےا‎ 
QUE 3 لے‎ p es 
ea a A fect OL ا‎ are more or ; 

٤ 298:701 Prom U : show eft : of 'V'S 8 zrain 
in dum Eos umee ا‎ M orientation | also observed es 
TO Some precipita ti grooves are 07 

k cs 8 و‎ 4 5 7 ad 


- Y 
e.Some irregularly کا‎ 


00-0. In Public Domain. UP State Museum, Hazra 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


"Digitized by Sarayu Foundation Trust, 051189 


eGangor.. aa 
PLA TE: XIV. 


San le £ : 
Pie from Umrethi.this grain has CE 


1 v 
hollows o 8ction.Some TV's and 


bServed most of 

Los 02 
modified by etching Solutions 
precipitatio u 


nf , 
the hollows. catures seen in 


a narge nu 7 T ` yet 
A LG: Le on ahe we h : E 
ares GI DEN ہے‎ 2 008646 5 
0ح ہمہ ماح‎ M3 t pas e 
راف‎ aS fore, w@00% ~ 1 
th سانا م ا ہر ہے‎ 1۳ «41 BUC fess 
emgoun 0700م طم = 8 كات‎ s 
Sm» zc ense Oy GS + پر ے ہے‎ 
I 1 hx 2 mri 
n .0011م‎ its 2 : .Z es Laari 
+ م‎ viv 7 
to 5 9) ا وی‎ Glsse رجہ ا‎ wan 
nly Gurine T 20 
پل نوہرم‎ are Ves SN 
wh BC crwed مغ‎ ic^ 5 
T4 Vx Am = ~ 65 ^]; ia v". 
ylarty 7 nne ہی ع٥ق وم‎ ni و‎ E 
30 syed +“ E a nears Jis 
SDS CI <a MV avr 5 rogus. 
E < ata FICS 
emek & ہہ‎ 2 
ای‎ CE 
5 1 
common + 


e D 


vile 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


Gangotri 


سا ہہ 


| ItO Aum 


nded and smooth outline, ۳ 


hatchel showing well rou 


j ion. 
1 ; ; eolian acti 


| E ope 
| Semple from Rha tchel SbowiNE ation feat 


bb pistes and solution/precP Abas m 
fe lian transport- 
00-0. In Public Domain. UP State Museum,-Hazratganj. Luc now 


—— 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


Iv 


Barly Man and 
His Environment 


storion aime ab a © 


= E IE n 

a aie 235 dasa and a 
ED 3 ری ذ ہے‎ 418 azenaecioósea 
E toh à Yu 


Lo of ve 
RT E A M e she 08 
ixterÓrotation o£ 0 = 


, "cua 1 Ly 12207 
cultural patterns: -4 3 ang 
2 al evidenes 一 


5 15-102 ما‎ 
a timescale to vue archaea ; ور‎ to 
5 nanges jichia 225 9 ( lark, 
the nature of and C597» I developaen® ? s 
ulturá 


€ 0د 
assess their circo u207‏ 


1970 ). This inesis 2م‎ 


CC-0. In Public Domain. UP State Museum, Hazrat 


یس 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri d 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


0157 
686 enviroanonial factors which vould enable a 
„orrelation of the eoological data with the Prehistoric 
0+ This chapter io divided into tuo parte, 


part A * Avchacology and part 3 + Palacoenvironmont, 


A. ARCHAEOLOGY 


PATIOS HO TY TE REIDI 
" arly Stone Age " tools of Acheullan character 


$a: hira‏ ہے 1 44 کا 
“aû for the lirst tine by Sankalia in the Saurasnsr‏ 
were Loud Lor w ou J me‏ 

j 136 £anzalia, 1965 ) is a pe»ole 
region duriag 12962 ( Sanialia, 1965 ) is a pe 


hr hiz 

oaglonmoerate at Rojadi, now renamed as Shrinathgadh, 92 
2 了 m2 E 
the river EE Tais ق9‎ 6 has been designated 
na - J fed. GG a 

es ا‎ ss 
| hi as & avei trt g the tools 8 Series ‘2 tools. 
oy nx 3 758 Et ganó 


: zeg, cores 8 
The; consist of aadaxes, CLEGVerss flaxes, 
LA wade x ہے‎ 


a ة8 ہچ‎ (1! tools conprisins 
ROA- Pax 


Large 443708 or ajase and 
يم سے‎ 5 4 and args رتے‎ der aoe حة‎ i 
| SCANS; borers, 25 ED tala, i3 02 
E ^4 LM E puc جو سر‎ 
ma collected: at وف مو‎ 

UP + a 
Ad fhalagar and naar 
جا لے‎ 


Rav ( 1222 


aa and R325 oe 
ths gravel bed as Xotaca 


EPE SF) 
; : و‎ Ab Sandee 
Thoriali on the Gora. í 
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bed was a gravel depos 
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souadara Rajan ( 1967 ) saenticieg an " Sarly 

age ^ tool at Sberdi ( Dist, Junagadh ), Ho also‏ می 
» 


gol ected " Middle Stone Age " tools fod ار‎ cae 
of Kankawati, near Dhrangadhra, An ٤ Barly Stone Age * HG 
gas discovored by Soundara Rajan ( 1967 ) on the banks of 
poxanardo naliah, 4.5 ka on the Halvad - Dhrangadhra road, 
ono tool assenbolage indicated aa advanced Acheulian 
gaoies, with the presence of a prepared platfora technique. 
the 5008 made on jasper and chert were collected fron this 
pite. Lele ( 1968 = 1972 ) also, collected a few " Barly 
stone Age " tools iron Jandaa, Atkot and Dhrangadhra and 

a 14016 Stone Age * tools fron Rajadi, Jetpur, 2502801 
pleta and Xutiana. The tools were collected froa the surface, 
well as fron stratified fluvial deposits. Recent : 
discoveries include the Palaeolitidcs sites ja the Kalubnar 
valley ( viz. canadhiala, 3ajpipla, 25087 ens 
chotila near Rajkot ( Chakrabarty, 


are surface finds and only 


fangadüra ) and also aï 


iccoveries 
an? Y. "aet of these RISO 
1217 ۔(‎ Most of t casadhiala - 


B 
angang Context ( Geode 
a fes ave ia a seaioriaaty c 


ified conie 
: : - ; in a strat 
Ghatrabarty, 1977 ) and x Ly proved the existence 
2 2 ries on 1 کٹ‎ 
T AE P m" ex discoverie x 
( nele, 1312 ۰ hese wine bower Paloeolithio 
ala sinc 


xt at Jobpa 


of early man in the Pentas ice eter for Stone Age 
E +401 {FE 
t4. 3 z chronoloo 
280017" 
power Pa 
„iy for the + 
cultures, particularly 


Lacking. 
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Pielà work was carried out in different seasons‏ 
patwon 1972 and 1976. The ezplorations were nade,‏ 
particularly in the Riran Valley during 1972 ana 1974 :‏ 
ghile during 1975 and 1976 explorations were nade in‏ 


UnirpapaboP 
2ء‎ 6+ 


Archaeological evidence in the Hiran Valley was 
stained botn for the Lower and Hiddlo Palaeolithic 
go tats 


jndusselese The Lower Palaeolithic sites in the Hiran valley 


aro Jase îs Xaagleshyar and the Sasa hill ranges 


( northeast of Sagas Gir ). The 06 Palaeolithic sites T 
OP wat c 

shat Most 
are Badalpurs Sangodra, 37 و‎ Talala and 3hatchel. 
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82ء‎ region from the point 


sas 
zo cnronology of the Palaeolithic ourtures, 


of studying stratigraphy 


A few 
alaeolathic sites were discovered in Bhavnagar dietriot 


( on قطنا‎ À: Haleohrl river, at Gopnath and at Talaja ), Ra tot 
district ( on river Lalpard and at Chotila ) and in Junagadh 
078 ( in the Hiran valley, on the Saraswati river, is 
ojat river and on the Sonarkhi river ), Am 


7"hough there are a large nunber of surface sites 

( 88 nentioned above ) the writer has taken into 
congideratioa, the collection which ta important from the 
point of view of chronology, stratigraphy and environnent 
of the Palacolithic cultures, he exhaustive study of the 
surface collection 2 the related sites have been 
exclusively avoided as they are not inportant fron the 

the 


je 


goia; of main these of the thesis. 
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gunorous now discoveries, ai tho Piret Aslan Archaeological 
conference in How Delhi, 1962, a formalised terminology 


as adopted whereby the pre-Heolithic cultures of the 
subcontinent were grouped into the Early, Hidàle and Late 
stone 9 corresponding broadly with the European Lower 


and Waddle Palacolithic and the Mesolithic, 1 l E 
: | - 

Ia the late 1940's, Zor tho first tine, distinct E 
viade-and-burin industries were discovered fron several yj D 


peziong in India, thereby necessitating terminological 
glot 
revision, because no provision was made in the previous 


cohene for the Upper Palaeolithic , 


Bxeavations 6 recently deen carried out at a 
nunber of gites @eg. Dhiubetza (4,7. ), Billasurgan cave 
(A2. ), Eunsgi ( Karnataka ) and sara ( Saurashtra ) 
which are believed to comain primary gtrazified deposite. 


8 ا 
7 ہے 7 She precise cequeace 02 Taai me‏ 
Purthert 9‏ ,نهنم د p‏ 
however, yet to de conclusively wee di‏ 
" 
û ds Likely that the pattera of wee both‏ 
» 
varied fron reglon to region M p anong the‏ 
Prenaturo and unjustified ۵ er‏ 


PIN CPU 
several regions of the sube one 


ntra comprise 
no uriter'a 8 57 4n Sauras اریت‎ 
the wr roba 
15 is P 
f rage pateriale 
both stratified and surfac a artifacts may prove 


gratific 
Discussion ahead ) shat +86 
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"ET datable both by relative ( eg, ; 


Lower Palaeolithic t 
— - 1) ap well as absolute methods ( e.g, 


Middle 
papagoLithic : Oyster ohells 0 dates ). 


EY] 


since the discovery of the blade-and-burin 
industry ( oz industries ) from various parte of the 
country, bbe serainology adopted for the Indian pre-Teolithio 
cultures in 1962 needed to be revised once more. Hence, 
characterisvio toolezorug of the Upper Palaeolithic are 
now knows. Tad iaa scholars ( isra, 1962 ; Sankalia, 1974 ) 
nog tena ve savers to the more of less standardised 
013021203502 of Lower, Biddle and Upper Palaeolithic and 
“esolisnic. The weiter has algo adopted this terminology, 
nearing ia ning that although partially this is applicable 
sypolojically; stratigraphicalty or e E 
s ao ciagle site 43 cquraentra where the entire seque 
hag ye Deed discovered. 
aim 78 PADASCL 198 004 
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The tools were collectog fron three different 
| n 
001 viz. Kanalechwar, Sasan-Gir ang Varethi Àaong 
E. sree sites: the collection fron Kanaleshwar and 


1 + 
cagan- tht yote one &8 Surface collection whereas that 
M S$ 


of grom Uarethi were stratified, 


pan naterial and state of preservation 


fhe rawe-naterial-wise composition of the industry 
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gonad ave 
fhe assemblage reveals Preponderence of the 


jronebanser technique 1.0. the daplenents are charact 


erised 
by یں وت‎ and largo flake scars, However, a fev 


gleavers show enall flake scars, phallow in nature which 
^L 


nay bo said to be the product of cylinder hasner technique. 


Phe collection aay be broadly grouped ag t shaped 
tools and the sinplo artifacts, The former are represented 


py bandaxcs و‎ cleavers and choppers. 


HANDAXES 


fora the largest shaped tool grou. ia the 


Handaxes 


cy, tne 8 
coll مب‎ on Bagad on the general morphology و‎ vao 
Ne mos حش یا هيما‎ Jaen sd > فيج ول‎ e be 5 


as ٤ 
fosa the raa valley may De grouped 5 


I) andares made on flakes 5 2 


ee 1.45 
II) Handaxes made 02 كد‎ 
p= 
I) Handaxes wade on fakes de of vaste trap while 
o aae 
Vin ea Pour nandaxcs are g are 
tne i rally» these handaxs 
sane 1 
940 is nado of acid 5+ 5 


I l 


poth the cides. 
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triangular and show rinsing 
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- irregular و‎ large and paali ia size, deep and 。 5 
a natures The working edge extends along the ci Tuo i 


in our specimens while in case of one it extends along 


a lateral side. Tip cnda are either pointed or rounded, 


qno 77 ge cross seotions are biconvex, parallelogrannatio 


Fige 44015 Pl. XVI:l ( | d‏ ( 4 : تک 
Handaze asde on a flake of basic trap. Cross‏ 

section approxinately parallelograzaatic. Patination 

prommish grays Patches of cortex remain ia the centre and 

at the tip of the upper surface. A patoh of cortex also 

to be seen at the bottom of the lower surface, Yainly flaked 

along one side of bogh gurfacos. Male scars are generally 


larzo and deep. ( 19.0 X 11.90 3 6,0 on )- 
gate مهد‎ 


i " i 22.21. Va 
Rl و‎ 5 ( Pig. 44 1 2 pe 


27 trap. 8٤8 
. 5 riako of (0 vias 
کیپ ہے‎ a aad on a fla 
Handaxe aae 


T gurface 
lizantiy 3easnered. Me Lower 
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re 


Ao e Bee — xn LIT 
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pagination. Upper surface showing ehalioy flaking nataly 


prong one side. Lower surface extensively worked with 
gontrally directod shallow flake scars. 


Tip short opatulato, 
gutt pointed ( 19.0 X 5:5 X 4,0 om ), 


qup s 13 ( Pig. 45:10 § PL, 371:7 ) 


a. 
E M 

Handaxe made on a flake of acid trap, glossy. 1 | 
epiangulaz ia outline, cross section parallologrannatio a = 
irech. Upper surface nearly fully worked flake scare are aM 


enall and shallow in nature. Lover surface is nainly a 
orinary flake surface. Tip Ls worked and pointed. Butt end 


is unvorked and almost straight ( 13.0 X 7,0 X 4,2 en ). 


Ula 14 ( Pag. 4484 و‎ Pl. IIG ) 
rC Llai fa 
Mandaxe made on anobliguely struci flake of 


section bicoavex. Rolled. 


cr 


4 D 
basic trap, oval ia outline, :(.- 528 
| k A th 
wad, Blake scars are bolt} 
y fully worseve Flake S 


t guriace 
aeon and shallow 44 nature. Lower 
large and small, deep | mI 
th 32 flakiag 81085 
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nded (1440 
> square ended QA. 


one of che GAIL 
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gre | 
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major par eu. 
$9a$re and retailing cortex OF, 1 


One specinen. In the P are heavy, thick 
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„oper half of the tool fron botn tne 


fhe Sides have 5 vel 


na 


ground © 
ون‎ ends Gre either spatulate or square ended and in 


xed in case of cono specineng, Vorxing edge extends 


ther half or three-fourth of the ci 


ane 8 


Pace of one epecinen the tip is broken, The transverse cross 


gootLonse 


Elongated handaxe made on a cobble of basic trap. 
Crosse 6ج‎ roughly trapezoidal. Slightly rolled. Both 


g3 < Sully work m " cx 
gurfaces nearly fully worked, Plake scars are large, saall 


and tiny both deep and shallow ia nature. Patches of cortex 


remain in the centre and at the side ( 14.7 X 940 X 6,0 ea ye 


uad 3 م‎ f 94 5 ha 3 5 3 2l. PEACE) ) 


x 
'aadaxe mado oa a Gobble of paslo trape 8 
| وہ‎ dutt to about 
3055 surfaces from the ouis toa 

section planoconvex. +050 = 

sotgin cortex. Larges deop‏ ۔ 

Se lapiegene retal: 

i S49 ond 8 

tel; tho pides. بط‎ ! 

d alternates fron +a 


nall sateh of gorden. 
0 x 13.9 x 8,0 2 m 


flake sears renove Tne cortex 

۰ 5 4 3*2 404 9 
spatulate and also 26 5828 
H £ 8 

is rounded i 20. 


{OF و ہے وم وم‎ tage 
COVS Sig 2S5 d 


21, 0ت‎ ) 
te of acid 19۷ oval shape 


gratlelogrannatto. 


AUT: 8 ) Pig. 4537 | 


nod a مو‎ 
Handaxo made on 5 © 


roxinately P 


9 
in outline, Gross gec tion ape p 


00-0. In Public Domain. UP State Museum, Hazratganj. 
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» 169 
prom the 758 face large and doop flare ears have been 


rem076C while remaining part Gf the Upper burfano rotaing 
a 


ao: o 
sortez: 2 æ 3 larg flare cars rouoved fron the lower surface 
٠ 


of cortex algo on lowor surface,‏ 8ء 


Tip broad spatulate, 
gutt rounded and retains cortex ( 13.2 X 11,0 x 1.0 on ) 
- ٠ 


gui: 16 ( Fig. 4519 ر‎ WUN ) d 
Handaxe made 


planocOnvOxe ipite gray patination, A large flake gcar renoved 
fron the upper surface. Lower surface is unvorsed excepting 


% 


one of the sides which is otep flaked. Tip squarrish. Butt 


,0 X 9.0 X 5.3 on ). 


hod 


rounded ( 1 


mas: 9 ) Fige 4529 3 Pl. 171:8 ) 
Vandaze made on 4 cobble of basic trap. Crass 
th surfaces 
52 aarian وی کن‎ patination. Jota suria 
ection bicoavel 828782 white pat e 
: ^ ^ POL 5 eH 
UL IM وخا‎ vl EA 


23 i = T. ne ور‎ s 
rounded and retains GOZ wa 


III) Handaxe made on a Core 


s nat) 4 PISO او‎ 
Had à 3 ( Fige 45211 3 Phe o 
ij oxauple of 8 8 


oe Oni 
Tis ig tne On 


nandaxe, made on 


ation 

ae Gross 80 

basic RAP. Subtrianguber ia plan ود‎ : the original core. 
= ? E oi 2 =a 

te 3 29 8 z S 

irregular, Gevoral flakes 6 Major part of both 


ortex 
Surfaces, however retail cortex 


( 4.0 x 9.0 X 82 0n ٠ 
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e172, 
CLEAVERS 


Cleavers fora the second largest group of 
0 


gha 
4a the collection, ped 、 


7 1 
hey nay bg Classified into the 


$0028 


۶12.091 groups: 


I)Divergent cleaver 


$ 1 ا‎ 
77 (800707803 cleavers | 2 i 1 E | 
iiI)Parallel sided cleaver : 1 E : 
1( 77179730670185 cloavor 1 1 


mus 17 ) Fig. 46:12 و۶‎ Pl. XVLIS12) 

Cleaver made oa a flake of basic trap. Coated with 
calcius carbonate. Cross section biconvex. 3oth upper and 
lover gurfaces are worked. Flake scars are nedius to small 
and shallow. The bit of the cleaver edge has voen formed by 
the latersecting flake seare fron both the surfaces. The 
bit is slightly convex aad but? 4g rounded, “laking 03 
vilateral sides sear the butt and guggeet “haul GS pes 


ea Nes‏ 0 ای £i‏ سپ 
aight have been halted ( 13.7 4 oit‏ 


Il) Coavergens 8 


su ; 711:14 ) 
ERT ( 7 ( Tig. 46:15 4 Phe QU rap. 0085135 of 


ic tz 
Oleavor made 02 8 flake of bas 


ion plano-convexe Torina e 
کی‎ pion i 
Carbonate present. Cress 860 yaxiag. Tip end 


tep £ 
th y, with fine 9 
3 p 5 d ides pit shows eign of 


use 
t 5 
Oblique, Butt end rounded. = 


(3.0 x 9.0 X 3.5 en )* 


CC-0. In Public Domain. UP State Museum, Hazratganj. Lucknow 
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3172 


uuo: ii ( Pige 46:16 $ PL XVII 15 ١ 
baht 


Cleaver made on an elongated Cobble of basio ¢ 


Tap, 
ight ray patination, Cross section biconvex ; 
۱ * 


L Both surfaces 
partly worked and retaia patches of cortex. Floke tri 


4n shapes Sharp cloaver edge, possibly not used, 
TUE 7.0 X 5.0 on ). 


Rounded butt 


tit) Parallel sided cleaver 


aag و‎ 12 ( Pigs 46315 و‎ Pl. 57111:12 ) 


Gleaver made on a side flake of basic trap. Gray 


patiaation. دمودت‎ section plano = convex, Upper surfaco partly 
gorke. Flake scars ate both large and small. A small patoh 


of cortez in the centre which in fact is the thickest 
e 4" nir 
portion of the inplesent. Lover surface te a prinary flake 
[+ = کے ھے‎ Was bp 
i r 3û3 re or 
curJüco but buld Lag beea rouoved. Cleaver edge te nore 
x 9.0% 9.5 on). 


^ ^ AURA دای وت‎ ee TEE 1 230087 
oss straiğhi, dees noù show uge mars 


WRI 4 18 ( Tig. 47316 ٤ 21 11:23 ) 


There ia only one 0 


ت٥‎ rape 


poer in the collocilon. It is 
2ي‎ 

٠ . edze جم‎ one side 
fhe chonpias edge as 
TOR sopole of | i 
EL 4g 68 and ۵ signs 


p- 


1 ‘end. DY age 
S unifacially worked. +28 cug 


of usa ( 12.6 X 8.0 X 5.6 8 )， 
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crt ams 
SUEDE ARTIPAOTS 


These ConSiot of tuo eng flakes anq 
a waste 


product i.e. ananorphoup core, : 1 


FLAKES 


apo : 0 ( fig. 41:17 Pl. XVIL:17 ) 


An end flake made fron basic trap, Slightly 


encrusted with caleiua carbonate. Tuo sloping eurfaces meet 


as the ceatze divided by a straight mid-ridge, One pide 


retaias Cortex, the other pide is primary flake surface. 
bower surface is primary flake surface with diffused bulb. 
Striking platfora is plaia with two flake scars have been 


renoved. Shows sone battering marks along one sido which nay 


1 shougch i 8 uite fresh 
be duo to rzolliag, alshough ihe spacinen is q . 


: ; PTa 
Sa $ Lo ( Fize 41:193 $ Phe X711:16 ) 
; E 
An end flake sade on 3 yapie trape Light gray 
Shi Pri Td 
per surface 18 covered by 
y 


b - 1 - ra م‎ $ne up 
atination. Hajor pars 02 v 5 
١ g a prisary flake 


Tho lower surface 1 


a large patch of cortex 
ra is yunvorked. 


" ted جج‎ 2220 
surface with a bulb. Sèrišiag pl 


coaE 


) 1119ء 


fron basio trap. Srounish 


RI 13 ( Pig. 47019 1 Ph 


de 7 
...ا شوہ‎ tod with carbonate. Ovalish, 
5 rus 
Gay pattination and partly ٤ n largo aad gnall, dee? 
t i=) re PES 
tr aA an Ld pears be : B اچ‎ 
oe کو‎ the opocisen. gai 
884 hallow from all sides of ae 
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POE CPU E 


Luc 
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Giz BIDDER 


74۸0,07 INDUSTRY 


fhe Middle Palaeolithic Collection fron the Hiran 

an 
aloy 0٤ ovtained fron the following four sites Sangodra 
1 ’ 


nglala, 7۷ and Virpur. The total collection consists of 
^ 


61 gpoeoinense 


industry includes tho follouing components.‏ مم 
oerapers‏ 4 
Borers‏ 
Hotch‏ 
?oiat‏ 


Blakes 


ي 


cores 
مم جب‎ ao جر سے‎ Se بيج‎ c بوبه‎ n t et t 


01 Total 


cur am amm nt‏ ہے 
هع حس سے ہے۔ ~ 
حم صب > gene‏ 


te ggervatios 

leg material and state of pros «ign of the Ladustty 
5 te + on 

i 5 aonpodl? 

^ n مہ‎ tal wise © s 
The raw 7 8 


9 as follows 4 ني‎ 


b^ 


Acid bra? 
Basic $782 


al 
siliceous pateri 


: are تھ‎ 
These 0 


eno 
however, shows calcareous 


-» 
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7ء 
geohn 1 qu?‏ 


fhe Middle Palaeolithic industry of th 
0 e 


v2110J is basically 


soonaique. Thero aro, few inplenento showing a LeyaLloteton 


Biran 
tho product of the light atone henner - 


,echnigue。 the edge retouching was done either by pressure 


£oonnique OT oy indirect percusion method, 


030106 
Typologically the collection is divided into shaped 


tools and gther artifacts. The shaped tools are consisting of: 


1. Serapers 
2. Borers 
3. Noteh 


$. Polat 


jy 2 2 8 
SIR ARAL 


xi # the “iddle 
veoresentative type oi v 


、 ere nay oe 
^ or, 08 "82 
Palaeolithic compoacat is the 8۰+ 


E H 
grouped / cabgroupeg as under $ 


a. Side Serap 


Qe 
c. 92。 
a, ni-ani side 


CC-0..In Public Domain. UP State Museum, Hazratganj._ 
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i | 3118 
3 gd serapers | 


cut of 34 exanples 29 Made on fuis X. 5 mod 
@ on 
ما‎ of acid trap, or of Slliccous haterial 


?he following 
m gub-typesa are recognised. 3 
Side scraper convex 4 20 
Side scraper concave 1 6 
Sige seraper atraight t 
Side scraper irregular t 4 


side Seraper Convox 


MJ ¢$ 108 ( Fig. 48:1 $ Pl. XVIII S5 ) 

Side seraper convex made on a side flake of acid 
irap. Upper surface ghows one large flake scar and a few 
sears on the margin. Lower surface is primary flake surface 
with a diffused bulb, Convex working edge on one of the pides 


: Ch 0). 
shows uneven retouching ( 9.2 X 5,0 X i 


HI 3 29 ( Pig. 4832 $ Phe 27111118 ) 


l flake of acid 
Side scraper convex nade on 8 gide 


er surface is 8 
evelop bulb. Convex 


ias and shows sigan 


Low 
tra». Upper surface retaias contexe 
with a moderately 


of the 8 
Working edge. Retouch along one 


of use ( 4,6 X 3.6 X bed oa) 


rimary flake surface 
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9ء 
"T 105 ( Pige 4812 3 Pl, +17 ۱‏ 


Side scraper Convex made 9n siliceous ےت‎ 
of brownien colour, Major part of the upper surface ig 
“savored. Lower surface 1p prinary flake Surface with partly 
7 ےم‎ bulb. Slightly convex edge shows serrated narkg 


rosukted fron use ( 10.5 X 5.5 X 2.5 on ), 


sido 8۵22 Concave 


gui: 7 (Pig. 4811 1 Phe 2 ) 

Side goraper on an end etruck flake of basic trap. 
Retaining patches of carbonate concretions on both the 
purfaces. concave working edge. Retouch fron the lower 
surface, straight and shows shallow retouchiag from the 


uover surface ( 9.5 X 5 X 3,0 en ). 


E CS be! wr + 2 
Sido Scraper Irregular 


[全 Fi att ot $23 ) 
HRM + 15 ( Tig. 48:5 و‎ Ple XIII ۱ p 
o on à nodule of acid trade 


iginal تم‎ surface: 


Side 7 nad 
6 or 
“Major part of the both Surfaces ar E 
; Moe like ind 一 3 
2 1 noug notes 
Lee 2111 ar worn ni Qi za 210897 
یسلت‎ EM 4 e] 


( 8.5 X 5.0 X 2,5 om (٠١ 


Tig. 4336 $ +‏ ( 11 تال 


9 
Sido sozaper 0° ° f cortex. Irregular workiog 
: ; faces’ rotained pu 
bart of both the surta Eres apiement and BY 


0 ee 
ہا‎ ia situated on one S10 E h aee 
Shallow retouching ( 4.6 * * 


se 
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1 
gna Soraper 


b) 


End scraper on a flake of a chert. Upper surface 
ghowing 9n oval, large scar, Lower surface shows a prominent 


pulo gith a bulbar scar. Convex working edgo, Ohallow 3 3 
retouching ( 4.8 X 4۰:1 X 1.4 on ٭(‎ 


e) TuO > Sided Scraper 


gay 4 29 ( Fio. 4818 $ PL. 11111:25 ) 

Tuo gided scraper on an end flake of acid trap. 
“ajor pars of the upper surface showing cortex and a thin, 
shallow flare nas been removed with a moderately doveloped 
pulo. Forring edges on both lateral 81046 8-0 72 Blunt 


retouch ( 2.5 & 3,29 X 0,8 cm Po 


II 3 3 1 34 ج‎ 4339 3 Pl. 201012 
اة‎ i eae 


zo of chert. 
Tao Sided seraper mace on an end flake 


anzular 42 2 [n 4 AG > 0 S 9 
- i 


1 ro surface. Bulb 
: Lower gurfaco-priaerj flake 8 
upper surraces Lower 


5 and 
i both 8 ow 
tial renovec JorELn$ edges shows 

partially z 5 : nall 

; 7 ۴ XY 2 cn 
blung retouching ( de x 4 4,0 X s. 


7 37) 


PL 
HRT 14 ( Fig. 460208 7 تک ہہ‎ flake of a 
raper o" bot face 
Tuo sided 8® p purfaceb. Lower suria 
و‎ 
chert, Both surfaces-P* Convex working edges 


huta he 
showing a moderately p he lower puríaco while t 


the right edge 8 wo 


00-0. In Public Domain. UP State Mus 


EL 


7 


itized by Sarayu Foundation Trust, Delhi and eGangotri 
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+182 
jeft from the lower surface showing Signs of use (5.7 X 

* 
9,5 X 145 en ). 


E 
i: 

è 1د‎ 

pas : 47 ( Fig. 46312 į Pl, XVIII:17 ) | t 

| Tuo sided:orapor on a blade-form flake of chert, d 


wanor working oa the upper purface, A onall scar retained 


at the Lower surface. Forking edge on both cides, showing 
shallow retouch ( 4.0 X 2.2 X 0,6 en). 


Eris 132 ( Fig, 49:12 ; Pl. XVIII:26 ) 

Tao gided peraper made on a chunk of chert. Both 
surfaces retain cortex. Pron one side two small flakes 
were ronoved. Working edge on two sides. Left showings 


3a 1 PO Qui LI ht 9 age is blunted aus uo use (1.3 X 
6x L OW ae = eh and iy 


d) Zná-and-vide Serapers 
SIT 2 
mI : 16 ) Mg. 49:15 | Pl. 571112 ) 


y 128 flake 
D y 3 io geraper 
Eon daad 610 


zx at news 
dc onvex and 52° 
1 ma ELIE edge is © 
Right Lateral لیا سای ورڈ‎ 


¬ gurf$aca put the convex 


T wy TB 
O 27ت‎ 5 


i engin tho uppe 

shallow retouching 797 e ned fron both the sides 
0 a the top is retouched £79: 
working edge on v 


(5.1 X 3.6 X 1,4 02 ). 


CC-0. In Public Domain. UP State Musgeuiga 
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pide the side working d 
uched fron both 21 


2793 edge is achieved by removing 


a parallel flake fron + 1 a 
he Lower surface ang shallow 1 


retouching fron the per surface (668 XZ 21 LIGAR ) 
* ۰ 


HUI : 8 ( Fige 49:15 ; Pl, XVIII:0 ) 


zad-andeside scraper on a quadrilateral flake of 
acid trap. Major part of the upper surface worked, Lower 
surface prinary flake surface with a diffused bulb. The 
working edge fron left lateral side io straight but 


obliquo. Shallow retouch ( 5.8 X 4.6 X 1.7 دہ‎ ). 


UE : 19 ( Pigs 49116 ; Pl. 571105824 ) 


Endeandeside scraper on a sido flake of acid trap, 


roughly rectaagular., Half tae upper surface retain cortex. 


Dwor gurface ia smooth, bulbar scar at one of the side. 


5 “ىا‎ At 
Justin; edges oa both sideg and at one ond, ‘hallow 


retouch ( 5.8 X 52.5 X le en E 


9) Round Seraper 


ERT 1 103 ( Pigs 49117 p Phe 55111215 ) 
Round seraper on a thick flake of jasper. Tuneroues 
Rou 

ppor surfaces. Flake ecaro are 


flake scars renoved fron the 3 
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DS 


potn 60 and small, shallow in nature 


ynworked and retains a tinay bulber E 
ground the circumference ( 7.2X2.8 on , 


Louer Surfa 08 
Vorking edge 


5 
M 


£) core scraper 

"ERU ( Fig. 49:18 ; Pl, XVIII 420) 
A core scraper nado on a thick, side flake of a 
chert. The major part of the upper surface shows a large 
rounded ecar with several other flake gears renoved fron 
all over the ۰+ A few flake scars are also removed 
fron the Lower surface. The working edge hae resulted fron 


usage, brushed ( 10.2 X 7.5 X 3.9 en )， 


TUT و‎ 27 ( Pages ged و‎ 21. II2) 


nin flake of acid trap. Tone 


Borer aad i 
veen achieve 
of the surfaces worsted, A thies borer point has 
res we 3 3 2 1 
t olata £08 : 
ay convorzent flaring frog 8 side of the 3 ; 
8 (442 <b 


the sidss of the inplenon» 


tel X 1.6 cm ). 
go?oH 


ERT + 123 ( Pig. 42:20 1 Phe * xviii 


A noton nado on a fla 
piex. 
9f the upper surface shows 2 


Worked and smoothe 


CC-0. In Public Domain. UP State Museum, Hazratganj. Luck oeii 
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"tt. 


nol «187 

of the implement and Showa igno of y um‏ 09ء" 
se (5.2 X 2.9‏ 

X 


E on de 


POI ¥ T j 


aan $ 252 ( Pig. 49191; Pl. 571111:13 ( 
A crudo point made on a thin end flake of Jasper 
A feu phalloy flake scare removed fron tho upper surface 


gados around the point are retouched ( 4,2 X 3,6 X 0 دہ‎ ( 


CORR 


Bi: 102 ( Fig. 49122 5 Pl. 5۷111:21 ) 
Yincoidal core made on a block of jasper. 
oug Flake scars medius to gnall size renoved fron 


2X 1.3 X 4.6 cm ). 


dunori 


both the pcurZacoo ( 2 


the Lower 


no-tocnnologically 
heulian, Fhe 


an valley is Ac 
in tho Hiran 


To pua up 1 
Palacolithic culture ia the Hir 
garlie? is 20% 


4 08 
Palaeolithic tools fron the Jarethi daa 8 « 
Junagadh ) have been 


onadi Fao ( 
ono of the oarlics? roc unis 


ghtro ( seo. the 


zne 


collection ap mentioned 


Valley and fron the Aci v 


found in the fluvial gravel, 9 
ons in Saura 


napter ) 


9$ the Quarternary 20200 2 


discussion in part B of thle © 
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Acheulian tools fron 
Sean Trap aad consist of a fe 
guakes and cores. The ind 
gione hanner technique, 
final finishing and ret 


techaique. 


On the basis of Ranufao turing technique and general. 


characteristics of these tool groups, we may conpare then 


qith the Acheulian industrios fron sauraghtra and other parts 


oz India, Ii is, however, interesting to note that the 
collection though suall compares very well with Chirki=Nevasa 
( Zanarashtra ) Anagawadi and Hunsgi ( Karnataka ). But 
technoserphologically the; show alight difference fron the 
tool Eit coapositiosn of tamadhiala ( Saurashtra ) The 


vanadihiala industry based on its techaonornhology hac been 


assigaec to the Jane Aoneuliaa phase in the Lover 


alaeolithio tradition of India ( Se Chakrabarty, 1977 ۸۲ 
: 5 Hizan vallo 
Nowever, ag the tool kit composition of the us 2 


LE 


5 at 3 uns 1 3 


او 
TA 4 n in th‏ 
are, therefore, tenpted to placo the‏ 86 
thic industries‏ 


rower 8 oli 


e Louor 


^eLeulian traditioa of the 
92 Tadia, 

Hiran valley 
nig toola £ron the 
The Middle Palaeolithic %00 Sangodr 

ng sites ١ ي50‎ 9 


à 1 
have been rom the follow 
sa و و‎ ads 2alaeolitbio ۲ 
۲ Gg i ہو ہت‎ CER 3 iN 


Aag, ^ 
lala, Sorvay and Virpure * یں‎ 
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a vagically ccraper-borer complex 
٠١ Of 


the t 
vifacts ) sor otal وہ‎ 
! ( 61 af ) perg aasount to 70 lection 


borer و‎ 328 L^ 
Thig honus that „ Boraper 

other 
ee tools. 6 E material وو اج‎ distr 


notch 3 4 5 and point | 1.64 4 


4g the nost doninant type anong Sn 5 
aucgories og 


ibution shows that 


cho industry employed í different type of 
287 material but 


nainly consisting of siliceous material 


fhe Siddle Palaoolithio industry fron the 
valley in tool typeo, aanufacturing 


Hiran 
techniques as well as 
ia the 032 nenat of rau material shows close affinity with 


the Middle falaeolithic industries known so far fron other 
parts of the couairy as well as fron Saurashtra ( Table : 


18 and 13 ). 


Finally, the occurrences of the Lower and 69 
Palacolithic tools ia the stratified context from the 
southern parts of Saurashtra are of great iuporvance fron 
the point of view of chronology, palasoenviroanent ont 
Wieland relationship. However, these gactors have been 


; anent £ this chapter. 
discussed in dotall in the +8 part of v 
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Be Maiomy IR oma 


1) IGIN OF THE 1411 
She problen 
of Sauraphtra has intr 


gcientifio disciplines 


Cad f Sported b 
garter in 1019, Que Of the DoBi-discusgeq 8826058 of E 1 | 
i D olita 1 
ia ite mode of origin, One group of workers ہے‎ it 3 | 


1 


is composed of mariae and coastal deposits which have been $ 
transportod and reworked by gubaerial processes ( " aeolian 2 
hypothesis " ) and the other school believes that it 

represente mostly beach sediments whioh have formed in 


varying marine environments ( "marine hypothesis" ). 


Podden ( 1804 ) suggested a narine origin but had 
noted dune sands withia 211101158. Ivans ( 1900 ) opined 
that the Sauraghtra niliolite hag been formed 2 the 
inmediate vicinity of tho shore by wiad action at 86 
places and elsewhere as a littoral / 7 water deposit. 


tated 
à sinilar view was expressed by Biswas (237 ) wie. 


n deposited ia varying 

coastal piliolites wore 
the inland ones were 
an environnent. Bhatt 


that miliolite rocks had bee 
avironnents. According to him the 
deposited in a beach environnont but 
Sepositea ia an aecliaa to fluyio-ae0M aie. * 
a marino hypothesis 
otaa گنا‎ à Veraval. 


odinar an 
baseq : 0 K 
on the area 
Studies in me 37 : Boun A 


5 t 
Perling ana Goudie ( 1975 ) fel : 


aad Patel ( 1976 ) have sup? 
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age in this 
) have classified the inland 
piliolite ( viz. fron Junagadh, Ohotila ) 88 being of aeolian 
origin. Verma and Mathur ( 1976 ) are of the opinion that the — 7 
giliolite of Saurashtra consists of both marine and aeolian ١ 
deposi ۰ 


areas Agrawal and Roy ( 1976 


Fron this brief review it can be seen thas most 


og tho workers accept a littoral origin for the 2+6 

| occurring within the coastal fringing area, but do not 0 
on the mode of formation of the inland 211101156. The 
controversy regarding the origina of the 211101156 has arisen 
dug to the fact that no worker has attempted to study nore 
than ome aspect of this deposit and each one has chosen an 
isolated field of observation to draw hig conclusions. 8 
overgeaeralisation about the mode of occurrence and the 


ted in 
origin of miliolite from linited areas has also resulte 


further controversy: 


é i - oi he 1 
M < 3 uw 


iliolito and | 
Hiliolito in the Hiran valleys samples of eet 5 
CUM analysed ( as mentioned in chapter 4 
Telated sediments were 7 a here | 
: gousse ٠ 
III J. ony the resulte of the analysis One 


amples 8 carried out and i 


15 6 
lysis of were estimated. _ 


$40 
41295 and 2 


| Chenical 8228 


NU 
the percentage of Cals 38" 
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yo marked difference was observed ‘Ln these characters 
yetween the coastal and inland miliolite canples. Therefore, 
4t is not possible to infer depositional environments BS 


on the basis of chemical properties, 


The quartz grains from the inland niliolite were 
studied with the help of a Scanning Electron Microscope 
( SEH J. On the basis of Limited SEH resulto it is difficult 
to establish the precise origin of the miliolite. However, 


the samples fron Umrothi and Bhatchel showed subaqueous 


features and absence of any typical acolian features. The 
samples fron Bhatchel suggeot internixing of enviroanent 


( e.g fluvio-narino Ne 


Petrographic studies show that the majority of the 


DNE cmo 


1 erains are fresh, 
the ا‎ oz > quartz and 2628007 & 


Gi b ig 
ag 


| | | 2 = 1 o nic? c 
: ; 5 gion under 
رد“‎ gl te theiz depos 
3:00 sparitic b= ound : | 
IN nog ij + nearshore ü ) B 


the 
> of silica grains ( 

of rounding 9‏ ۔ 
gree ©‏ 


nû the nature of abrasion of the‏ —€ لهو لدوم 
at‏ 


e ) 
Dajority are gu»angular 
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°) anû aeolian origin ( Una ). thus, petrological 


dies are not by thenselves useful in differentiating 
| littoral and aeolian environnents, 
1 The dune formed at Adi Chadi wao, however, must have 


414 86 an obstruction dune at the base of Girnar, ina 
- 086681 environment, It rests disconfornably on the 
1 fluvial, bouldery pebbly gravel. It is difficult to 
55 án whether the dune was formed during a transgressive 


ressive phase, but it is certainly contemporary with 


{ret and major marine transgression in this area ( as 
1110115310 bouldery pebbly gravel is entirely devoid 


dolitic pebbles or even particles ). 


m. 
Qn the bacio of laboratory at 


i$ can be seen that the valle 


udies and field 
y fill niliolites 


al origin. Also, 


valley arc essentially of 27 


n that 
erally occur 


^" "n southern Saurashira have sho 


bs mariae or fluvioesariae origin goa 
y 3 sn 40 a, while those occur? 
- ia with the excopti 


( about 104 2 


ing above 


on of Unretht 


aeolian in orig 
x 7 o Shingoda dan sive 
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2( QUATERNARY  CHAONOL 3 


One of the most important ains of Quaternary - 
archacology is to establish a relative or an absolute dat 
e 


for inplenentiferous میس‎ The Older Alluvium ylelding 


4 
Lower Palaeolithic industries has been dated to the Middle | 


Pleiptecene on the basis of palaeontologioal evidence fron 


a nunber of sites on several major Peningular rivers, viz., 
Sarnada ( de Terra and Paterson, 1929 و(‎ Pravara ( Sankalia, 
1956 ) and Godavari ( Joshi et al., 1966 ). The faunal 
romains consist of typical Middle Pleistocene species of 
308, Zlophas, Zquug, etc. It has also been observed that 
the alluvium yielding the succeeding Ulddle Palaeolithic 
industry is also associated with more of less similar faunal 
renains, Thig is because rany of the mamaalian species have 


a wide tine range and peroiot both in the Middle and Upper 


2 nuc 1 1 2 
Pleistocene, 315088 up to the deginniag of the Holocene 


1 کم‎ WE sara? faunal evidence has 
( Xhatri, 1966 ). At prosent, therorore, 


ac sedinents h | 
restrictod value ia the preciso dating of fluvial j 


£5 


s 1 ins 
and associated archaeological renatus. 


Nelative onronology 9 


nits 3 however, this is not an 


i 

f sedimeats is often based on | 

the presence of ofutural u | 
广 


accurate method as thero can be 3 overlap of cultures in is 
Bany areas. ۰: 8 "0 48 نت‎ by کت‎ 09 

at Mahadeo Piparia in the Centrel armada Valley and by 
riij Hevasa 43 the 


Y eolithic 
£ the Lower and Middle عو‎ — 
revealed that tools O Lad 


a سم تج‎ a ee 


Pravara valley have 
Corvinus ( 1967 ) at Oni 


سے ہیں 
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vould |‏ رت پپچواتکسھھو industries‏ 
gravel as well as tho Succeeding rubble gravel NE AME '‏ 
1 اہ It io, therefore, necessary to date a tool-bearing‏ 
i‏ 1 2 و 7 gadependeatly either by stratigraphioal or by‏ 
x 1‏ ۱ ہو" 


A feu radiocarbon dates have been obtained for the 
older Aliuviun dn Western Maharashtra, Those dates range 
fron 39,000 to 19,000 years 3.25. ( Agrawal and Kusungar, Min 
1967 ). Some of the dates are for the lowermost portion of | 
the alluvium., Rajaguru ( 1970 ) on the basis of these 
radiocarbon dates and geomorphic evidence has assigned an 


Upper 216181506 6265© age to the alluvium partly exposed and 


partly buried in the river valleys of estera Waharashtra. 


According to him the Lower Yplacolithic industry found in 


the Older Alluvium of Jestera i baraghtra should broadly bo 


he 17 Bl ذم‎ etoce! here ls not nuch gep 
dated to the Upper Pleistocene and ther 


nie of 
; E and tha Mié ?alacolithic cultures 
between the Lower and vac سا‎ 


anework for alluvial stratigraphy 


of caliche nodules 
stenpted by Hegde and 
the soil night have 
Lier than the 
). The caliche 


۹ nporal fr 
A fron the 


based on radiocarbon ascaye 


Narmada, Hahi and Sabarmati we 8 


: that 
Switeur ( 1975). They مدوم‎ ear 
! : ears 
begun forming several ¢nousand 了 5 
| 18,000 to 24,000 ° 
radiocarbon dates ( l9: 了 the Black Cot ion 6015 ال‎ tate 


son 9 
nodules fron the 4 horizo 
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tno Lower Narmada valley have been assayed radionotrically 
and tho soll is dated to 7,000 yoars p.p, ( Rajaguru and di 
\Hegde, 1972 ). It appears that the black 8011 was formed n 
during the early Holocene tines and alluvial deposite ying a : 
‘pelow this in gitu weathered black soil are of the Pi 
Pleistocene Age. This, therefore, gives an upper age liait 


to the Older Alluvium exposed in the river valleys. 


Nothing is known about the lower limit of the ۸ 
Pleistocene deposits and hence it is difficult to date the 
related Palaeolithic cultures ta Peningular India. However, 
tne writer's recent discoveries of stratified Palaeolithic 
artifacts, have proved ucoful in dating the Lower 
Palaeolithic culture of the couthern Saurashtra, The dating 
ig mainly based on atratigrapnic, geomorphic ang 


geophysical data. 


nr ل‎ ۶ Palaeolithic 
“ne problem oi chronology 02 


à with the miliolite and other 


artifacts io iaterliuke à 
There 
1 jong in the area under consideration. her 
coastal formas : 
ei the niliolite 
are various opinions regarding ٥ age of 3 
| | AS UE 
o basis of nicro-faunal analysis 8 
to a Pleistocene 
and Pant ( 1960 ) assigned the niliolite 


7 m. 
fornuasiong. on th 


( 1971 ) dated the coastal 


we 8ئ‎ 
to suberecent age ? ne Barly Pleistoceno and the 


to t 
BiLlolise of Sauran Saurashtra to the Late 


and 
وم یر‎ st Eia ribed aa varly Quater 
) ase acci 
Pl . Lele ( 1915 mE 
6 ا 9 ته‎ 4 DUE 


~~ 
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age to all the nilioliteg of Saurashtra on th basi 
© basis 


of 
relative asratigraphical evidence | Sperling and Goudi 
oudie 


( 1975 ) and Agrawal ana Roy ( 1976 ) on the other hand 
placed the inland niliolitos in the late Pleistocene on 
ne basis of archaeoligioal | 


Ag 
Ia 1 
و جا‎ E 
1 
WE ۸ : ۱ 
oe 
- 
5 
و‎ 
[ | 
3 
4 
i 


evidence and a feu Ug dates. 


4 z 
qho **c dates of miltolito falı between 14,000 to 30,000 


3,2. ( Agrawal and Pant, 1976 ). However, the miliolito 
ig not a vory suitable material for 4¢ dating, eince the i 
lexehange possibilities are large and the 4c dates represent E 
llonty the upper linite ( Agrawal et al., 1977 ). The dates E ? 
of niliolite on the basis of the Ca/tig ratio ( Govindan de 
et ale, 1976 ) are also ín conformity with the radionetric & 
dates. The apparent correlation between the ages obtained 
by the Ga/ig ratio method and radiometric methods could be 
fortuitous because this method assumes an open system in 
which da/ig ratios change with tine. On the other hand 
radionetric methods require a syeten to remain closed 
( Gupta SoZ. = pec. (١ I3 recent years Ca/iig ratios have 


cito component and not 


been doterminod mainly for the cal 
2+ وو‎ 


"^ i? 
for the gross mixture. I5 has been observed that Ug 
by 221100 clays, 89 that the 8 


Selectively adsorbed 
d illite content or perhaps 


ratio may only reflect the total 
Opilinger et ales 1967 ). 


th “EG 01 8 ( 
e degree of -— esp Mee 


Therofore, the Ca/iig ratio 
dating ( Govindan et ales 1976 )- 
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THB PALARII 

ALAROLI?IIO CULTURES IF THR RIRAN VALLEY 
A late Harappan ( about 4,000 8,7. 
mound was found on the terrace Surface of an 


3) CHRONOLOGY جو‎ 


) occupational 


alluvial fi11 
near Prabhas Patan on the right bank of the Hir 
an. 


The conspic 


uous development of aeolianites and 


beach rock haa been observed 1 along the southern coastal 


strip, fron Kodinar to Veraval and further west upto Chorwar [ T 
and Nangrol, They occur for about a distance of 8 kn inland 4 7 
rom the coast. These littoral formations seen to have been : 
laid down uring the regressive phase of the later part of 
the late Pleistocene ( i.e. after 30,000 3.2. = see the 
discussion ahead ). However, they are certainly of the 
proedogolithic period as a large number of mesolithic 
artifacts have recently been discovered on the surface of 
| the aeolianites around Una ( Verna 2.4. = p.c. ) and 


‘Zodiner ( Goudie and Sperling, 1976 Je 

A Lew Hiddle Palacolithie tools were recovered fron 
the basal pebbly gravel of this fill which is about 0.5 ® 
thick aad 2.3 km ín lateral extent. The finer component 
ately caloreted, yellowish 
al Jill rests on 


of the alluvial fill is moder 
brown ( 10 YR 5/4 ) silty saad. 8 822072 
and against the niliolite formation ghioh ie about 40 m 
thick in this area, AA alluvial fill with more or 8 
Sinilar mineralogical obaracters and dimensions has been 
the نت‎ dan site, 


2 as 
Capped by a niliolito, 12 B thick as eS 
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TABLI 3 20 ١ 
Radiometric dates for the Quaternary secdineats , Saurasnatra |. 

e a a am osa حم س م من س م مرب ھت وج م وو مو ہے‎ ۰۱ "a 

Coca e E z105 years 3. >.) ۹ء‎ ۱ 
7 5 9یئ‎ Zlova- Radiometric ages( |^ 
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( Fi. 20 ) 22.7 kn upetrean fron 


Prabhas Patan, Both these 
found to rest against the 516 formation, 
three unrolled Lower Palaeolithic tools were 
g@iscovered by the writer during the 1975 season's fielàwork 
in a buried channel Gravel of the Riran at a depth of 34 m 


formations wore 


上 Unrothi 


below the surface. The channel gravel ( about 2 5 thick ) 


rests uaconfornably on the Deccan Trap and grades into the 
miliolite which is 20 n thick, On the basis of field 
observations ( as described in Chapter III ) the niliolite 
formation in the cut-off trench at Unrethi is certainly 
earlier than the thin stratum of miliolite, capping the 
alluvial fill at Ghusia. The Unrethi miliolite has been 
designated ag miliolite « I and the Ghusia niliolite as 


miliolite = II. 


~ amra عه مہ جرب سے‎ tm tet 


+ 1.5 
3442.0 30230 3 ۷ 
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contd.. "4 +200 
سوچ سے‎ gece حم حت ل‎ = 
i^ tion. Radionetrio agos(x103 years 3,P,) 
above based on — —— 1 
ü TP: REE AN rmm Ah vo mo nam ttr k 
HTL پ 4ت و230‎ - 24 [238 : Mg : 
EE . سے جم سے مہہ سس ال‎ E 000000 if 
6, Porbandar Shell 35 ہے‎ £s + 5.6 
23725 ! 
q. Visavara Shell 4.5 E E. 28.5 + 1.4 
EG 1.2 
8. Bardia Coral 41 | سے‎ zd 15.0 È 9.2 
Coral and : 
9, Gadhula Shell 1 一 = 287 " 
10. Porbandar Shell 5.8 二 一 26,0 * 2*9 
+ 
1i, Euchadi Shell 3.7 سے‎ 一 260 
12, Bhinrana Shell 1.0 一 一 — 5.4 +0. 
+1. 
13. Badalpur Shell 6.9 . سب‎ 一 2500 4ے‎ 
+ 0.7 
14. Hiran Shell 12 一 = CUN SE 
15. Chotila Miliolito -- ME 
سے کے‎ 20.4 * 
16. Dungarpur Miliolite == 
eu wes 323 i 2. 
17. Junagadh Hiliolite =- 
سے‎ 18.4 t 0.4 


18. Barda hills 1511101159 77 


CTETUR ری وی ہے‎ EEN تم ہے ج‎ 7 
m „52 X 10* years 
Caloulatod using 2 » pee E A X 107 years. 
E 2; 2 ya 2,4 


t2: 
Dates of Sr.No. l to 12 are f 
(1974 ana 13 to 16 fron AGre" 


MEL و‎ Mean High Tide 2-۰ 


ee e د سے ج ت م‎ ee e e 


lg a 5120240 years. 
rom Gupta (1972) and Gupta and Anin 


al ot ales 1976 


` CC-0. In Public Domain. UP State Museum, Ha 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


CC-0. In Public Domain. UP State Museum, Hazratganj. Lucknow 


| 


Digitized by Sarayu Foundation Trust, Delhi and eGangotri 


0 21ء‎ 1 
n the € 
“araswati valley aroun Badal 
ped ( 2 m thick, at a height of 8.3 m ANSI pur on oyster ! 
an 
was found to bo resting 4 6 km finland ) 1 $ 
mE 


m on @ fluvial gravel ( about 1 m 
waich in turn was found to grade latorally into d 


mottled, grayish tidal Clays and dark brown carb 
onaceous 
clay ( about 2 n thick Ne. 


few Middle 


thick ) 


The fluvial gravel has yielded a 
Palaeolithic tools ( Govindan et al., 1975 ). The 
overlying oyster bed also laterally grades into niliolito 

( ell ). 


There is no absolute date for miliolite-II but 
there are two Mo dates for the oyster shells from the Hiran 


( 21,430 ja 2 and Saraswati ( 24,980 * FE ) valleys. As 


these dates represent only the upper linit of the true age, 
they iadirectly help to date kell and the associated 
artifacts. In the light of the radiometric dates of corals 

and beach rocks fron the western and southern coasts of 
Saurashtra ( Table 20 و(‎ it appears that there was 8 9 


marine transgression during the late Quaternary. This is 
indicated by the occurrence of miliolite regting on the 
has yielded 6 Palaeolithic tools 


fluvial gravel which 
Rajkot and at Badalpur. 


Older than 30,000 years, at Jotpur: 


Tho tentative correlation of the bagal fluvial 

8623761 at Umrethi and from the vellesections between Talala 
te 

aad Veraval, showed that the pre-miliolite ( U-I ) buried 

Channel of the Hiran 8 graded to a vase level which was at 


present one ( Fig. 50 ). Based on 


‘hat tine 15 n below the 
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E at the Unrethi and Shingoda dam sites 
Hiran, Saraswati ang Shingoda river valleys, 


| 030 owing etratigraphio Teconstruction is possible : 
Lithology 


3 1, Modern black-brown podocal soil 
A grades into 


نم 


1 observations 
= 
, the 


Average thiokness (m) 
1.0 


| @ Brownish,less calcareous sandy silt 4.5 


۷ sharp Contact to 


T 3. 111011856 = II, shelly conglomerate 

|J and oyster beds 1.5 
| Sharp contact to 

Brownish calcareous sandy silt with 
intercalated lenticular patches of 5.0 
` fluvial gravels 

` eharp contact to 


.&. 
xa 


5. Reddish brown calcareous sandy silt 
and associated fluvial gravels 4.0 
ot ary contact to 


1 gravels which rest unconfornably 


- fornations 1.0 
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4ء 
This night Suggest that the Hiran valloy‏ 


tho miliolite, 


passed throug 


h two major faring transgressive phases dur 
the Quaternary. 


ہد 


The 


j 1 
1 
F 
| 


Problem of the age of the niliolite « I could 
not be solved on a definitive basis ag no absolute dates 
either for the niliolite or for the associated fluvial and 

` littoral scdiments are available. Sinilarly nicropalaeontology 
did not help in dating ag there is absolutely no difference in 
the polaeontological content of niliolite ~- I and miliolite-It. 
On geomorphological grounds, niliolito = I is separated fron 
miliolite « II by fluvial deposits which can be subdivided 
into two major sub-facies, the earlier facies being 
characterised by a higher degree of calcification and 
oxidation than the later facies ( Table - 16). Ao the 


sedimentological, chemical and clay mineralogical studies 


( Haratho et ale, 1977 ) of pro- and post-miliolite-II 


ey do not indicate any drastic 


sedinents fron the Hiran yall 


changes in the climate and geomorphic processes, it is 


housand years E 
reagonable to assume a tine lapse of several thousand y j 


g that have takon place in the 


for the diagenetic 79 
" e a considerable antiquity can 


earlier sediments and therefor 


D ve phase 
be acsiznod to niliolite-l. The transgressive 2 0 
= o 


he fornation of mili 
ts ( 1974 ) transgressive phase of 

8 

G 85 interglacial high strandline. 


011 56-1 could, then, 


Coincident with t 
be equated with Gupta 
1,20,000 years oF with th 
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fhis is the niniaun age of the Diliolite ~ f from the [pH 
ran 
valley 


AS stated earlier the basalnost fluvial gravel 


which has yielded Palaeolithic tools at Unrethi belongs 
£o a period whea the coa level was lower by at least 15 m. 
Allowing for a time lapse between the tranogrescive and 
regressive phase during whieh the geonorphio changes could 
have taken place, it ig reasonable to assign a high 
antiquity to the tools found at Unrethi. They are certainly 
older than 1,209,000 years o2 early late = Pleistocene, 

nd are most probably of mid ~ Pleistocene ago. Por the 
first time in India Palaeolithic cultures have been dated 
in the context of littoral stratigraphy. The © 
ehronoctratigraphical scale for the Palacolithic 8 


5 : "at 3 
Ms ve. Vaya اش‎ "ias is giyon in Table 2l. 
fouadl in the iran valley is 6ق‎ 


4 ٦ 
AlS t 2l. 
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۰ج"‎ Cultural age 


- 
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سس جب رب ما یہ ا ہہ می م MIB‏ 


160207 7ر 


Jdegolitric Holocene‏ ج020 0100 220ا 


oils, alluvia, evel aad 
beaches and dunes goa l Ghaleolithic 
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gharp contact to 


o rete wee Rete et ey met ye o 


152-10321160-7 7,٣٣٥۹7 High 8 5222-0-06 1 
ا‎ 51384 clays level امو‎ 
end beach rocks (about 30,000 
YraeBeP, 
M ۾‎ dates) 
grades to 
Fluvial gravels and “ajor valley Middle Barly Late 
brouaich moderately filling Palaeolithic Ploistocene(?) _ 
oxidised silts and strong ( older thay ہے‎ 
clays rejuvenation 40,000 Yra.35.2 
chart contact te 
intercalated tidal Level or ar کا‎ 
clays, aeolianites and ( about 
torrizonous sediments 1,20,000 yrs. 
22027 
grades to 
rf 
TT ma er 之 D 
^luvial, gravels ات یں‎ thie 722 71 
silts ME 
Yu امم یں‎ t 
indonzorazity ہو ا‎ Hiocene 
beach rocks, Lovel 
LiNeEsStones 
(yarka beds) 
unconfornity Zoceno- 
Deccan Traps 7 


Auf جا جنب کہ جمد‎ AE et an قدت جين‎ em 


NL مام سم م‎ aE 
are purely arbitrary. They only 
ge nature of the Quaternary tine 


a torns Barly aad Sate 
point out the 4npreci 
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7ء 
PALABOCLIMATE |‏ )4 
"Palaeoolinatology ineludes data gathering and‏ 


analysis 28 well as synthesis and interpretation. It is a 
oross-disciplinary endeavour that. drags data from a wide 
array of specialized subdisciplines, whose roots rest in 
a number of physical and biological sciences” (Butzer,1976 : 
21). In Yestern India, late Pleistocene clinatic inferences | 

are mainly based on aggradational and erosional phases of 


rivers, changes in land-and-eea relationships and related 


gedinentary deposiis. 


Perhaps the first systenatic attempt to 
establish a correlation between artifacts and 
palaeoenvironnent was made by Zeuner during his visit to 
India in 1949. liis wore ( Zeuner, 1950, 1965 ) in the 
sSabarnati, Hani aad Jarnada river valleys ( Gujarat ) was 
concentrated mainly on the study of alluvial sedinents, 


e = © u - ruar m 51 


i 1 inz tho Upper 
^ tuavreased aridity 4n this region during 
امسا‎ A also nado to understand 
ےی تی اد‎ ne. Later 1 attenpts were dor 
2163880: s 7 b Negolithic cites in 
" - ripate prevailing av tbe s 
the salacoclibavs = Ew 
; 1964 ) and najacthan ( eras 
(t 3 3 e rra? 4 $i» 5 
Gujarat ( Tancastas e eee Bum 
: 0 r 
7 "0082 in 
of the oC 


gociated fauna 


-117 ۰+ Turther, 
ntially AFF auring the nic 
clinate was ا۱۵9‎ 


plateau 6267م‎ 


Dn, tho, DORSE they cuggested that the 
the gaad dunes aad 88 


erosional and aggradat ional 
Sankalia ( 1974 


ous 
phases of tho vari 


p of the Deccan 
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peninsula with wet and dry climatic phases during the 6 
Pleistocene. 


In recent years, the study of alluvial deposits 
in woetern Maharashtra ( Rajaguru, 1970 ), the Upper krishna 
volley ( Pappu, 1974 و(‎ coastal Maharashtra ( Gusder, 1975 ) 
and Saurashtra ( bolo ot al., 1974 ) suggesto that climatic 
inferences based merely on fluvial morphology are likely 
to bo far from perfect. They further postulated that olinatic 
changes ia the present 5621-2214 parte of the Deccan and 


Saurashtra were of a degree only and not of a kind. 


Recently Alichin and Goudie ( 1971 ) and Hegde 
( 1976 ) have brought to light interesting geomorphological 
evidence in parts of Gujarat and Rajasthan. On the bacis of 
the study of deeply weathered fossil dunes and related 
artifacts around zaroda ia Gujarat and Jaipur in Rajasthan 


nat during tho closing phase of the 
they inferred that during the Olosing i 


1 1 yas Less 
*Loistocene the rainfall ia parts of Vestern India 


i 4 y ogica 
i i ut 22 A of the $ rodgenv nor nails. aly no v 
th anu 8290 ;3 y rt 2 1 L 


y» M 5 
tudies ( Singh, 1972 ) o? lake sediments fron Sanonar 
Syu 29 xil $ 


1 zest that this i 
akaransar ( Rajasthan ) cusses : 
وہ‎ rior to the boginiaó of 


aridity 2 
eee ےت فاده دنه‎ x onditions fron 5 
' ing wetter cor 
by 828 
the Holocene and | 


5 2+ | 
10,250 to 2,120 years 3 | 
om the excavation at the Late 


ous ight oa the 
opabhas Patan thr gone 1 gh v is tme > 
dis 3 re X - 


Evidence ob gained fr 


Horappan site of 
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changing relationship between land and و‎ during 


mideHolocene timed, There is, however, 


— € n 


no positive evidence 
to suggest that the climate during the mid-lolocene was 


drastically different from today ( Dhavalikar, “۹۷۲ 


1 
f 


In Saurashtra there is an excellent example whioh 


shrows Light on climatic conditione during early historic 
GLI In the yoar 310 3.0, Chandra Gupta constructed an 
carthen dan in the valley of Girnar by damming the 
sriputaries of the two rivers Palashani and Suvarna Sikta 
( conarkhi ) which had their source in tho nountaias of 
Revyataka ( Zarda ) and drjayat ( Girnar ). The dam was 
preached for the firs’ tine on November 16th, 150 A.D, and 
gor the second tine during the regime of Skanda Gupta, in 
August 一 September 456 = 457 A.D. duo to heavy ہت‎ 
Tho breached ا‎ of the dam was 45.75 n long, 21,01 2 
3 : - thas the intensity of the 
wide and 11.30 m high indicating thas wae ^ 


t E * dence oZ hoavy 
vali wao very nigh. therefore, the ovisna 
raiaizigll Wae 5 


3 اسل مه‎ ۶ 1 fe ii a Y 

i 3 z indicates te 
273 222003 ES g 8 E E: 
Ma 0 [ 1 2 2 0 ears ag 2 
700 0 H ageera since apout pou ¥ 79 1 
uacnaang i 2 


oleigtocone aad early- 
onstruction of [1050-22-2389 1€ 
Tho موم‎ 028 + | rH | 
by the sîuay | 
gio conditione 4s possible oY 
ee d acolian formations which are 


s astal 82 
various fluvial, ker مومع‎ fornationp are 


4n the region 


vod 
fairly well preser ro devoid of pollen ant 


t and 8 
Limited in aerial exten 


animal 2088+ 
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Sid-Ploistooone fluvial gravel occurring at the 
pase of Girnar hills were formed When the gradient 


of 
ptreans were steeper than today due ito thellgweri سے‎ 
level. Hence, 


their significance in palacoclinatic studies 
have not been discussed, 


The late Quaternary sedinentary 
deposits discussed are as follows : E 


a) Gravels. a 
Silto and associated calcareous nodules. 37 
Palacosol. ۱ 


à) Sand dunes. 


a) Gravels | 

Bouldery pebbly gravel, sandy pebbly gravel and 
sandy gravel have deca studied at different sites ( as 
mentioned ia Chapter III aad eozparcd with nodora gravels 


مف 


: کہ‎ 
at tne same 383+ 


i nah XY nn 23 2 rounding 
It Lao 2 obseryod that vno 58 of T 


of 8 fron the late 21 


p 
ug sliding index 2 1 
ب‎ fron 41.12 to 61.20, 


n 19.19 to 45,60 and i 
rn gravels varies from 12.50 to 


gravels varies 2 E20 
while those fron the node 


43.20 and fron 34.20 to Ol 20 rocpectively. 


100 analysis of ?leistoceno as well 
The 20224 


novo that these gravels are predominantly 
naw 


as modern gravels s: gc 
br ded heterogeneous and have 45 traaspo 
HAT uch a8 elidiag index and 


An anetors 8 SS 
rolling notion. The PAF EU NE اش‎ 
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flattening index was not found useful in this particular 


case ae the pebbles studied are either of conpaet basalt 


eese which have intrinsic blocky character in the | 


jiran valley. 


The heterogeneous texture and dominance of 
rolling motion during bed load novement show that the 
Pleistocene gravels have been moved by turbulent high 
intensity floods of short duration, The gravels have been 
Laid down as braid bar or point bar deposits. As there 8 35 
considerable similarity between Pleistocene and modern L 
gravels it appears that the clinate during the late | 5 
Pleistocene was also esseatially geni-arid monsoonic. 

Palaeohydrological studies based oa cinilar 2 8 
| have boon carried out in ihe Zon Ombo river ) Xgypt 3 


Butzer, 1905 ) 


> tho bedding features, such as 
Tho study of the oeculnó 2 


horizontal lamination and oroseevedding, assists in ias " 
eotinatiag a quasi-quantitasive 2156 of رود می‎ | 
( Jopling, 1966 ) The nost common type of bdo : 

9 ec Meer. ١ 
structure observed in the old ganüy gravels is ‘ 


rough type of cross-bodding is 
15087 


0 e | planar beds 8 generally 
sorepets of planar www 
7 ip or fores 
raroly seen. The ۵ 


e individual i 
re inan 5 ca in vài 
The sd peddiag features suggest 


anina of the eross-vedding 
OQ m 

e لل‎ eknego and often 
deposits ie usually no 


quite long ( 10 to 15 ® Js 
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that the etrean flow Bust have been strong and at tines 


torrontial, as the thickness of the bed is more than 5 en 


( Butzer, 1964 ), The out and fill phenomenon observed ín 


the cross-bedded sandy gravels at sone places ( as at 


Ohusia village ) also indicates high Velocities. | 


At Sangodra and near Ghusia some of the foresot 
cross strata show grading along the inolined laminae with 


the poorly sorted sediments in the lower portion of the 
ped. These charactera possibly indicate deposition by a 
prolog otrean ( Fairbridge, 1968 ). The structural features 
o£ modera and ancient channel bars and point bars are 
similar in the Hiran volley. It, therefore, appears that 
floods in the Eiran valley during the late Pleistocene were 


torzontial. 


f$) oilt and associated calcareous nodules 


ë 0 les fron 
The nechanical analysis of the gilt sanp 


y flood loads. 
she Kiran valley indicate that they are mostly 90 
جو‎ laninavion, 
Thone silts are ia general devoid of distinct lauinat 


LOT co a due to she 
' 1aniastion i9 nore likely to 9° 
fhe assence of lani سر‎ 
antar 
| > changes 14 804 8: ebaracteris 
absence of chang : ee 
ر‎ ilt ) and also 
alternations between sand and clay oT © 
بخ 27120 نت‎ ط١‎ 
sic changes. 
io post-depositional diagene* 


ai tribution characteristics of sedinents‏ مم 
Size aks al‏ 
manie Jl. 0 the coefficient of 6 5‏ سےا 
are gives in 0 poner‏ 
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can be inferred that the silts are hoderately well sorted 


and the sane is the case with the modern silte deposited by 


floods. The associated sandy and gravelly lenses throughout 


the depth of the silty deposits, indicate changes of channel 


position, The coefficient of Geometrical Quartile skewness - 
is not of much help fzom the point of view of finding out 


the depositional environment of sediments, — 


It is observed fron the results of chemical 
analysis ( Table : 16 ) that the silica content in these 
deposits varies from 27.82 to 49.30 percent and most of the 
gilica is in combined form mainly with alumina, The content 
of aluminium oxide is significantly higher than the oxide of 
iron and varies from 9.50 to 20.15 percent, All the sanples 
are relatively low ia iron oxides. Calciun is present as 
urs in a fairly high proportion. 
ndieated by a high 


ntent is conparatively 


oxide aad carbonate anû ace 
The presence of calcium oxide is i 
The magnesiun oxide co 
forn of silicate ( biotite ) 


The alkali contents are low for all the 
| | 93 for all the 


patio of £10 / Al, 
Those characteristics indicate that 


ignition loss. 


high and nay either be in the 


or chloride. 


canples. The molecular 


deposits is very nigh 
the samples are painly compe 
observed that t 
ase leaching action 


tic cond 
moderate rainfall ana nee clina سرت‎ 


ts. 
the arca of these deposits 


he deposits have not been 
Further, it 19; 


subjected to inte 
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As expl in 1 

ag Diained Carlier in chapter III, th 

piner gical cha : ee 
alozioa f these 88و4۵‎ have been 


confirmed by DTA ( Fig, 42,43 (٠١ It ip obs 
erved from 


figures that all the sanpl 
160° = 170° c, 


these 


Tho ) 
silts fron the river Hiran shows as inis P 
nail c pe 


1 


quantity of lepidoorooite ( Kulp, 1951 and Takeuchi, 1955 ) 


a mineral of the iron oxide group. All the 8823108 showed 

a predominant endothermic reaction with a peak ranging between 
565° = 590? ٥ indicating the dominance of montmorillonite 
minerals ( Grim, 1955 ). Fhe endothermic reaction with a 
peak at about 880% 950° 0 is due to the presence of a large 
percentage of calcium carbonate ( Gruver, 1950, Rowland, 

1951 and Kerr, 1948 ). The variations in the teaperature of 
the peak may be attributed to variations ia the conposition, 
quantities and crystallinity of the nineralo ( Spell, 1945 


and Bayliss, 1964 ). The DTA curve of the silt + clay 


fraction obtained after the removal of calcium carbonate by 


adicate:a saall 1 
acid treatuent and washing with water, indicate: a M. 


» : be due to the ae 
at about 820° C.e This nay du 


endothoernio peak 
i hyllite mineral, while 


a ogli quantity of pjrop 
yout 8709 0 in the 
e ( Grin, 1940 ), All these curves 
tudied are dominantly 0 
logical conposition. کہ‎ es ہے‎ ul 


SE 5 Ead ; 
Presence of case of the sample 


the oxothernic poak at 8 
fro: Sagan is due to 41111 


indicate that the deposits 9 


inora 
Bontmorillonitic 14 their 2 
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T i | 
he chemical and mineralogical conposition of 
silts also throws light on the depositional environment — 


and indirectly on the climate of the past. The dominance 
of montmorillonite in most of the samples analysed clearly 


indicates leas intense leaching conditions, According to 


Sherman ( 1952 ), montmorillonite develops at its best in 
basaltic terrain e.g. tropical Hawaii, in the rainfall range 


of 0 to 1650 nn per annum, the most favourable range being 


O to 760 un per annum. The Late Quaternary silts and soils 
freon the Hiran valley are also rich in montmorillonite. Tho 
present annual average rainfall ia the Hiran valley is about 
850 ma, This suggests that during the late Quaternary the 
rainfall in the Hiran valley was not pignificantly different 


from the present. 


Galearcous concretions are commonly found in 
as R 
older silts. They have been attributed to continued 
logerinz of the water table with a balance 2 
Lowering 
tion and evaporation tending to 


of dissolved paltse. The presence 


precipitation and evapora 


reduce downward percolation 
) is usually a siga of 


- - 7 
of calcareous concretions ( kanka 


ation that the gilt in which thoy occur, 


alluvium rather than the younger 


age and an indic 
belongs to the older 
( Pancoo, 1963 ). Fiiat 


carbonates 100089 of a T 
est under rainfall 


( 1963 ) considered these secondary 
elatively dry climate and they 


conditions of about 
seen to form b 
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6ه 
ma per annum Manson and other,‏ 460 


( 195 
questioned such c ono 1neLons 9 ) have, however, 


ME drawn from calorotes ( kankar y: 
variations in a number o£ factorp do linit the 


usofulness of Calcareous bands as indicative of 


palacoonvironnent, Calcareous nodules aro relatively 


9 present day semi-arid tract of the Miran | | 
alley. These fornations have bee E. 


abundant in th 


n found to be nez 86 
in the heavy rainfall zone and are comnon in the rainfall 
gone of 635 ma to 1525 na Per annua in Vestern India. 
Caleretes occur in the older silts, almost throughout the 
Hêran valley ; it can be suggested that rainfall there 
never exceeded the limit of 1525 na per annum during tho 
Late Quaternary. Kankar formations, therefore, indicate that 
during the Late Quaternary pericd the climate was 
typically nonsoonic ( i.e. an annual wet spell of short 


duvation followed by a long dry season ). | 
a 


c) Palasosol : 
The black buried soil, 1.5 n thick, showing i 


typical crumb structures, observed on the left bank of the 
4€ ~ us 
river Shingoda about 0.5 km 2 of Kodinar, 8 a ANS 


reste on the 


and 1.5 km in lateral ۰+ Phe buried soil 


yellowish brown ( 10 Y3 5/3 ), laminated e0 و‎ 


voun ( 5 YR 5/4 ) loss Kankary silty 


overlain by reddish b 
ne surface soil. There is a slight 


sand, which is capped by * 


development of nodular carbonate at the base of the profile. 
elopmo : 
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pno y v i 
۶ ليا‎ < 0 


orned before the 
the palacosol could be of 


age and the rodáigh brown silty sand was م‎ 
subrecent alluviun, Therefore, 


Barly Holocene age, 


Hontmorillonite ig the most doninant 
present. The hig 


Clay mineral 
h silica sesquiozide ratio indicates a 


mnininun leaching soil environment, Pedologically this soil 
can be classed as " vortigol " and indicates a seni-arid 


environment characterised by short wet and long dry periods. 


Tho detailed study of the black soil from 
Maharashtra ( Hujundar, 1968 and Kajale ot al., 1976 ) the 
Pre-Chalcolithie and Noolithic periods in has shown that the 
rainfall was slightly higher ( by 20 - 25 5 ) during the 


early Holocene, The present day exposed blaci soil is 


eû and is ia the process of adjusting itself to the 


flu 
e 

i 

p 

0 


chnazod conditions. It is quite possible that zore or less 2 


night have existed in * 


taurashtra duriag the early Holocene. | 


d) Sand dunes 
qhe aeolianites of the area near Sonnath, 
Veraval, Una and Kodinar have been distinguished on the 
basis of their occurrence 89 obstruction dunes, coastal 
Tno goouorphological and archaeological 


dune ridges etc. 
i 4 + they can be placed in the 


etudies of the dunes chowed tha 
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Mathus and Ye 

vza ( 1976 ) have‏ أ 
also placed these in the late Pleistocens to Early Hol‏ 
Rk ocene‏ 


late Pleistocene periog, 


Cross-bodding, characteristic, the intense 
tondenaacy of preferred orientation of the long inclined 


loninae, the suall seatter of dips and wedge-planar cross ا‎ 


stratification of the dunes have been taken to be suggestive 


of their aeolian origin, The textural paraneters ) 


ba hs 


statistics ) of the carbonate beach and dune sands have also 


been Carried out to compare the carbonate sands and the 
guartsose sands from beach to dune environnents. It 8 
found that the mineralogy of the sand has not affected the 
tendency of the dune sand te be positively skewed or the 


beach sand to be negatively skewed. 


Phe mean vector of tha palaeouind, around 


sifiegtion azizuthal data 


í 
t 


Porbandar, based on the 6-7 
a ( Zathur and Jeena, 1975 ) which ghowed that 


was 5 +04 


d regiae had changed fron a oredoninantly 
Bate + 


cr 
ts 
2 
L3 
bw 
(> 
< 


Pec. E = 
to coushvesterly direction, since the 


northwesterly 
ست تہ‎ 7181 ۰ 


^ne geolianites 2 to have developed at a tino 
2S 
Larg t of the 

whea the soa level 08 low and a large par E 
5 ئ‎ | 

al shelf was exposed 8«© wind ac [1 
ee raat ion 

ult to 8 the role of climate in the fo 
M ervod upto 100 ×× inland fron the 


of ageolianitos have obs 
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coast in the parta of southern and southeast Australia‏ 
areas which are not teotonically disturbed and e.‏ = 
further in areas which are ( Twidale, 1976 | Therefore,‏ 
the origin of aeolianites in the Hiran valley hag been |‏ 
ascribed to the period of low sea level during the last‏ 
glacial phase and no inferences regarding tho‏ 


palacoclimate have beon drawn. The late Pleistocene 
formations and their probable climatic inferences are 


given in the following table : 22. 


SABLE 1 22 


ae جسوت‎ 


ty‏ فی جک GB‏ حر کو جع 


ہے RO Ei e‏ تہ کد کے سے چ 


Pornation Inferences 


ED SED‏ تعد جو چسچھ AIR),‏ 2-00 جب یہ LS‏ وہ جو CR‏ جم ےہ = سی مم یڈ جح رج 


1, Aeolianite. | lowering of sea level strong 
wind activity. 


2, Palaeosol. climate more or less like | 
that of today. i 
3. Kankar and non$norillonite geniarid, monsoonic, nore 
: p | 3 د‎ 
rich browaish silts. or less similar to what 
of today. 
Rolled, coarser clinate slightly wotter (?) 
e Rolloc ar 
: than today. 


gravels. 


os سے‎ cut eut sut AE i کے‎ 
pim 


Thug, these studies show that the clinate was 


ghtly wetser during the early part of the late 


probably sli 

à nan in 08 
Pleistocene 2 Middle Palaeolithic +8" يعن م‎ 
1 : 2 - کاو‎ T E ہیں‎ . ay À 


| Y : ] à LM 
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S rior during the closing 
Pleistoceno, ین‎ tho whole 0 Phase of the 
8 


210180060 throughout the late 
different from the nodera oli 


Climate was peni-arid 


۷5یب ۹ز رد SE‏ ت 


Quaternary ang vas not very 


mate, The Sodin 
j ent 
characters of Various formations ¢ oa 


78388002108610 inferences since ei 

| to have formed in different بوه‎ 

| model suggested here, ig ری‎ Me ٠ت‎ 
re, highly subjeotive 

| and requires to be tested, However, it is certain that 

Bariy Han continued to occupy the Hiran valley fron the 

mid-?Leistocene inspite of noderate changes in clinate 


and sea level. 


79 سو SS tl‏ تات سے 
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ime‏ کے سو سر ان 
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A 21ء‎ 
5) MAN-LAND RELATIONSHIP 


The st 
Study of &eonorphology and eustasy in the 
context of archacology 4g a relative 


ly recent d 
ín india. Although, evelopnont 
Tin 


the data are meagre, it was felt that 


correlation of geographically Contiguous area studied 


thus far ( Saurashtra, Maharashtra, Karnataka and Kerala ) i 
would enhance tho valuo of present study, The contral Ja 


4-5 


theme of this investigation ig Zarly Han and his ecology. : b 
Therefore, an atteupt hag been made to investigate the ۲ 
archaeological, geological and 6conorphological findings 
in the Hiran valley and project then against the recent 


observations made in coastal parts of Western India. 


Hiran valley 
She nide2loistoceno 28102150 habitations are 


observed to have been confined $0 the 2005-1118 of the 


Gisnar. Availability of raw material ( compact basalt, 


: i even ia the lean 
acidic Deccan Trap ), assured rain fal} 


orent cover aid abundant gane were the nain 


years, denso f 
responsible for habitatioa in and 


onvironnental factors 
around the Girnar aroae 


21eistocene Middle Palacolithie sites 


o the foothill regions but also 
lley pedinents am 023 


Tho late 


are not only confined t 
gently slopinó va 


found on the 
11ity of gilicious 


rocks for naking tools 


chanaels. Availad 
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and congenial 5653-3513 olimat ظ‎ 
e 


occupation during the Late Plor Wight have Supported human TE 
: 8 


tocene, ; 1: 
Though the 


transgressive 
۱ phases 
have been establisheg i 


» in the Hiran valley, 
Bettlononts are Dot yet well understo 
clear that the 


the Pleistocene 
their effect on 


t | od. But 1t is | 
78890216-0 habitations were restricted ١ 
vo the inland areas ) atleast 25 km fron tho b 


the Uesolithic and Chal 


coast ) while 
colithic habitations ore found 


alos on the coast, probably because the weaker 
transgressive phases of the sea during the Holocene were 


Less inhospitable. 


Saurashtra 

A more or less sinilar vattern of nan-land 
relationships is observed in other parts of Saurashtra. 
lost of the 2alaeolishio sites have been located oa the 
inland plateaus and zear the source of raw material like 
dolerite, acid Trap, chalcedony and chert. A middle 
?1aoolithic site at Dhrangadhra 8 been found near an 
hich is about 13 n AUD 


out crop of jadhvan sandstone 8 
Ag in the Hiran valley, 


and 9 km south of little Sana. 


Holocene cultural elites are found quite close to the coast. 
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South Gujarat = ۱ 
H 
۶ 
| Lower ang 
۱ mE ٠ Hiddlo Palacolitnig Sites have b | 
he peidaont Zone of the Vost 2 
| دہ‎ the banks of یکا‎ F 
۱ "e 1 R Anbika ana Surya rivers, in the = j 
| Hehe 1965-66 ), In this &rea th ; 
| deciduous forest Cover Wie | 


SK Interesti 
vorzesghop sites of the 1:146٤ Palaeolithic M 


TET MM period occur 
car vaghal and Ahaa, These Sites are near g Source of 


| 
| enert and well away from tho ma jor streans 


There is as yet no correlation between the 
cut-and-fill fluvial terraces in the Dangs and the coastal 
littoral deposits further west. Therefore, dating of the 


Palaeolithic industry in this region is not possible. 


Haharashtra 


There is no indisputable evidence of js 
sites, although Palaeolithic artifacts 


Bombay 3 


Lower Palaeolithic 


havo been found at Kandivli, Borivli and Dahisar. These 


sites are confined to the alluvial fans, developed at the n 


CS 
foot of the Padan hills, 5 ka inland fron the oat. 


ation is possible between the late Plaistocene 


Ho correl 


alluvial terraces aad tho nid-Holocene eonented littoral 


Tho Hesolithic sites are situated 


1م A‏ 
ج رٹ 
یر ای [S‏ 


fornati ong around Bombay. 
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| 224, 
on the coastal 272017050730 


Interesting) 
Yo the ra 
material used foe Baking tools was i 


chalcedony which is : 
apparently not found in the vicinity l 4 
+ قد ر‎ 


Further south between Bombay and 


| Zalvan a few 
Palaeolithic sites have boe 


n discovered as surface finds. 1 
A feu Lower Ponlaoolithic sites have been discovered near | 
the source of quartzite at Malvan, These sites are located 
on the carly Pleistocene lateritio plateau ( 50 ~ 259 m 1 


ANSE ) and 15 km eway from the coast. An interesting 
Lower Palaeolithic site is located at the mouth of the 
Haddi creek near Halvan. Oa tho basis of the available 
archaeological evidence, the Konkan does appear to be an 
" area of relative isolation * ) Guader, 1975 ). 


Inspite of the presence of latoritic plateaus, 
fluvial terraces of Quaternary age and beach rock of 
$ sg ec d $ 

nidelolccene age, the 2alaeolithic industry could not be 


$ per 8 i and statigraphic 
dated due to the lacs of proper geomorphic 2 


data. 
Ppisary Megolithic sites ia the rocschelters at 
be important from the 
I zant Pack aro found not to 
Hathkanba aad Pachad 


point of dating tho industry. 


Korala g nade in north Kerala ( Rajendran, 


T diecovorie 
e o presence of Palacolithic sites 


1977 ) have estaviisnec th 
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ESS aaa 0 


CRAs 


Bites occur on € 
the lateritig Surfaces, hi 
» Higher than 65 
2 


ASD. Typoloe i 
Slcally the Heoolitnio industry 
re QCOnparc $ E: 
Parable to the Teri industry of th ee 
ione P ^ 
distryot of Taniilnadu ( 4euner and A11 hin e 
cnin, 1956 ), The 


| dated to Ce 4000 B.C T ed in the Teri dunes were 
| ء٠۰‎ SY ihe excavators 
and assigned to 


stratified Dicrolithg discover 


which lent gu: 
2205 to the theory of a ight transgression, 


durins tho ota Holocene. 


During early prebistodls tines habitations were 
Concentrated along streans. The sea iranszroccion only 
caused ai upstream shift. 3eononically this zeonorphic 
nave becs useful as the source of food cano 
o the Settlenonto. During the “Mesolithic tines 


hese sites close to the coast perhaps 


ا 
iG praag of ti‏ 


phase gould 


E 


| Dore gloser t 


food as is conuocaly noticed in the Mesolithic sites in 
Surope. Daring the later periods, perticularly with the 


Spread of Uarappan culture, the inportance of the soa 


Fete خروں‎ 
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the inland are 2 | 


ough the navigable | i 
We get the sites og these oul, | 


tures both the 
the coast as well as in 8 areas 


givers. Thug, 


along 


A £ 5 | 
brio? mention Day be made of protohistoric and 
historic sites which are 28028 0 to the sea level chang 


The decline of the Harappan culture continues to be a 


ه68 


yoxed problem. A nunber of Darappan sites in Saurashtra 


are located in the coastal region, 


fe 4% 


The early historic sites 
affected by seal Level changes have been studied, on the 
coast oi Saurashtra and Maharashtra, Changes in the sea 
level affected the fontunos of once flourishing ports, 
lothai ( Rac, 1973 و(‎ Dwarka ( Ansari and Mate, 1966 و(‎ 


Hala Sopara and Shaul ( Guzder, 1975 ) are mong the 


1 


better known sites. 


١ 
Is is apparent fron the above discussion that the i 
PSalaeolithio naa preferred the seniearid, sparsely 
^ 5 1 
forested plateaus of Saurashtra to the humid, hilly, 


: WU ar vestern Iadia. On 
disneotod and densely forested parts of 6 


the contrary Mesolithic Zan during the Holocene occupied 


5 | i ع‎ 
| tho coastal region of Jegtera India inspite o 
enviszoameacal adversity. 


Thus, the 2غ‎ 2012601155160 sites discovered 
HUSs 


4a the context of Littoral formations are extrenely : 
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important in deducing tho chrono] 
sea level changes ang environment 


in particular ang 


08y of Early man, related 


: al changes 4n Saurashtra 
“astern India in general 
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a 
5 
| 


fhe writer's findings regarding Quaternary 


2alaeolithic cultures of southera 


5, 
events and th 
t 


a ray ve suzcod up ao follows : 


During the early Quaternary Low sea level 
sho otzoans ia the Hiren volley, laid dowa a 
basal, bouldery, peboly gravel with which are associated 
Lover Palaeolithic artifacts ( Unzothi and Junagadh ). — : 
1 phases followed during which the = 


Stage; 


Tyo high sea love 
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1 #229 
eager rivers deposited, first a high channel i 
end rubble and then Billolite of the valı ہچ‎ i : 
designated herein ap E - I. gm typo | | 
; raa 
The earliest Quaternary formations in southern L 
Saurashtra, are represented by faq) ا‎ formed in | ) 


response to low sea level, Thege formations have yielded 


liest traces o? nan in 30060 India 


The 
early part of the late Pleistocene is characterised by a 
major ira: 


ancGressive phase of pea represented by the 


one of the oar 


* 
x 
t 


ailiolite formation ( M = I), This phase wap followed by 
the rejuvenation of streans pro3abiy in response to 
lowering of sca level during the last glactal phase. This 


in turn was followed by ubiquitous aggradational phase in 


various streans, resulting of intensive slope erosion in 


the apland regions. The agradational phase aarked by f 

3U Ta 
fluvial gravels and gilts yielded good number كه‎ ib 
2alaeolivhie artifacts. e 


^ho terplaal 21218 86 aggradational phase 


iy 2 CS ap? * T. T nt 
culaiaated ia traaogressive phase of the sea represented 


Jo 053 bed ach rocko ete. and " 
vy niliíolite M = II و(‎ oyster 9668, beach rock ` ; 


dionetricaily to about 30,000 3,7, The closing 


e tha ) » ne of low sea level, during 
vhace of the Pleistocene was O i 


the coastal aeoliaaites were formed. The succeeding 
: coral and oyster beds, 
| 


| 
| 
1 
1 
1 
1 
1 


dated ra 


whic, 


k 
ayele of alluvial gills, beach rock, 


bed wine d $ *4 ea 
velongs to the early Holocene period of fluctuating sea 11 
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02350 
Level =e 


پیر شی NE‏ جم مہ 


wh | 
ich tine the Yesolithic and Chaleolithie 


cultures flourished in the region, | 
1 

Ii is evident, oven on the basis of the linitea 

data obtained thus far, that at least two eycles of | 
89440:10 spaaning the major part of the Pleistocene | 


can be Clearly observed in the area under 067 


Since, cyclic sedimentary sequences have a 
direct bearing on the nature and direction of 
eavironnental changes at least in theory, they provide the 
means for iaterpretinz the pattern of facies change which 

epresent the regional ecosystem ( Butser, 1975 ). 
Sauraghwra, with its clearly defined sequences of marine, 
fluvio-marino, and aeolian deposits ought to be a 


rouürding area for research into Quaternary coastal 


environmental changes. 


Ag 3u&zer ( 1975 ) has pointed out, problens 


evatroversies ia the study of land-oea relationships 


j tonnuatio but 39 inira-nationally. 
oersist, not only internationally bus alco iav 


eapono for this impasse are (i) the result 
À ka Loe > e 5 


t 
& 
0 
۳ 
hel 
5 
to 
at 


ho altisevric correlation of 


of undue enphasio 3 
Leolated beaches and (ii) the aluost completo omission of 
tho study of 410078 continental ۰+ 

Qongoquentlg, todays Pleistocene ٤ة‎ pun 
^ almost ingurzountable وموجروي‎ of uniatecrased and 
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seemingly Contradictory data, an unlimited number of 


alternative stratigraphic franevorks and a nomenclature 1 


debased as to be worse than useless, Continuing‏ مع 


nultidicciplinary research and new approaches aha ee 1 


be leading towards a more systenatic stratigraphic franevork 


and a gradual integration of seemingly contradictory 
data ". ( Butzer, 1975 : 8 Je | 


um 
if 


The study of beach and terrestrial 
strascigraphies on the islaads of Mallorca, Ibiza and 
Pormentera regulted ia the foraulation of the six ' 
littoral sedimentary cycles, divided into marine and 
continental hemicycles. The beaches, aeolianites and 
colluvial silts provided faunal and pedological data which 


could bo studied palaeontelogically, radiometrically and 
inotrically co as to prove valuable for palaeoecological 


interpretation ( 3utzerz, 1975 J 


The thorough study of primary cites with long 1 
occupational histories Geg. Terra Anata, Lazaret ( de 
navo demonstrated how a broad 


sed on the basis 


Lumley, 1956, 1969 ) 
gical franewors can be construc 
Litho-stratigraphic profiles with 

piostratigraphic and geophysical 


chronolé 
of correlation of 
narine stratigraphic, 


sequences. 
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Data fron Barbadog ( Mathews, 


1975 و(‎ the 
Maghreb ( Br 


cenan, 1915 ) and Iorael ( Bar-Yosef, 1975 ), 
to nane only a few of the 8 


roas currently being investigated 
indicate the wealth of 


existing evidence, It would algo 


appear that the workers in these areas would unaninously 


agrees with Froonan's conoludingz renarks that 65 Only nuch 


further careful investigation of intact occupational sites 
in good stratigraphic context couples with intensivo 
rogional geonorphological and polacontological work will 
substantiate or refute the tentative ordering hers 


proposed ". ( Preenan, 1975 : 734 ) 


The writer's work in Saurashtra is an attempt 
+ a tentative ordering. Tho geomorphological and 
archaeological reconstructions here are based 3 field 
observations and aaglyses of Littoral aad fluvial 


4 
deposits and palace j50l8. These studies indicate tho 


d^ 


tronüg but do act yət piapoins the precise 


coveelation of yorioug chreagsequeices. 


5 e^ eH Via سم سے‎ 
She prepent canseagug on she aubtiolicity of 


E Af یپ من و‎ $; r E i: 去 
sea Levels since about 120,000 3.2, and the increasing 
[e ست‎ É -— : 

D: i ananete. Would make noasense ذه‎ 
2 z a $3 130 eoasts, ا‎ 
Gata evea froa $20 
nronaturo aLtiae $ric correlations. 
fide Xs 


١ - ptaiaed in the Hiraa 
20112313 tho sequences 909 4 


the ise 
1 o nade at a nore prec 
valley aa attenp? could 5 
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definition of marino and cont inental heni-cyeles and | 


isolation of the ma; gnitude of Asotestonic activity. i 


Por this purpose detailed field mapping of various 
Quaternary Formations | | 


4a رر‎ 


in various rivor Valleys of 


- 1 : 4 1 
aurashtra should be completed. Further the establishment E 


units should not only bo based on field 


hare [ i 
characters alone but also on laboratory analyses of 


of varíous rock 


nacre and micro features of sedinents and fossils, 
Geostraticraphical framework thug reconstructed should 


be 52565016154 by radionetrio dates, 和 


the picture presented in the preeent dissertation 
is certaialy incomplete, but, unlike several other coasts 


ou the western seaboard of the sub-continent, in 


Cuurashtra the prospects of achieving a fairly complete 


^"ocord of Quaternary enviroanental changes in relation 


اھ مہ 
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